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POPULAR SCIENCE REVIEW. 



THE PLANET JUPITER IN OCTOBER AND 
NOVEMBER, 1880. 

Br W. F. DENNING, F.R.A.S- 



OM remote ages, long before the period when the Chal- 

dteao Bhepherds began something like n systematic survey 

(he brightness and conspicuous aspect of the 

inn planet has continued to attract the attention and admira- 

of mankind. Whilst the Chaldteaus introduced their 

i' the constellations, and placed a variety of 

i and forms in the sky to inaptly represent the curious 

■a of the stars, this planet must have been the brilliant 

1 of the work. Belonging, as he did, to the class of 

ing stars,' it was impossible to limit him to any definite 

i of the sky, and to give him an enduring place amongst 

uutv in' imaginative titles which were then affixed to the 

Saining with surpassing lustre, and with a unique 

tineas in remarkable contrast to the scintillations of the 

r orbs, we ueed not wonder that many inquiring glances 

e directed to him, and many speculations hazarded as to his 

1 aspect, and the special purpose he was designed to fulfil 

e scheme of creation. At that day men were all uncon- 

s of the marvellous system which, in after times, the tele- 

■ revealed. They could have little conception of the 

.. i which delighted the eye of Gulileo in January 1610, 

hi.' fir-t beheld the Medicean stars, as he called the four 

, and watched their revolutions as they upheld the 

■mean system of the Universe, and unfolded a host of new 

D his gratified understanding. 

ice Galileo's time nearly three centuries have rolled away. 

mornicul science has marched onwards with a rapid pace, 

rer accumulating fresh knowledge and perfecting its appliances 

f research. The puny, incompetent telescopes of former times 

ive been supplanted by the giant instruments of Herschel, 

w, Lassell, and others, which have been employed to search 
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out new items of discovery, and to bring to light new orbs from 
almost fathomless space. The Jovian planet has always been 
the subject 02 special attention. His system of attendant 
moon*, and the sir^ular belts of shading which diversify his 
globe, have been observed again and again: and one ot the 
most important facts gleaned from such observations was that of 
the extreme swiftness with which objects were carried across 
his surface, and the resulting inference that the length of his 
dav wa«> verv much shorter than ours. Cassini had, as early as 
lo'oV). determined the period as 9 h oft*, and this conformed with 
remarkable precision with determinations of more recent date 
by Maraldi.W. Herschel. Schroter. Madler. and others, who gave 
blightly differing values, averaging fc 5-H m . The method of 
proceeding in each case was to observe certain dark spots as they 
were successively presented on the same points of the planet's 
surface, when, by noting the exact intervals which elapsed 
between their reappearances, the period of rotation became 
readily ascertainable. The slight discordances apparent in the 
value?* independently assigned by the several observers could 
be explained on ordinary grounds. The spots may not in all 
cases have been subject to the same conditions. Some of them 
may have exhibited proper motion, which must have clearly 
originated such discrepancies. 

In the summer of 1878 a dark elliptical spot of considerable 
dimensions and very striking character made its appearance on 
the surface of Jupiter. It was situated just south of the great 
equatorial belt of the planet, and it still remains visible, forming 
a most frequent and interesting object for telescopic examina- 
tion. It displays the same intensely red colour as the adjoining 
dark belts, and appears likely, from the constancy of form and 
distinctness of outline whicn it invariably exhibits, to remain 
perceptible for a lengthened period. Xo one can possibly foresee 
the date of its final disruption and disappearance, because we 
are ignorant of the conditions under which it exists, and of the 
influences to which it is subject. Of its origin we also know 
little or nothing. It was already a conspicuous object, display- 
ing an intense rosy hue, when first discovered by Prof. Pritchett 
at Missouri on July 9, 1878. In fact, the spot does not appear 
to have been traced in the early stages of its formation, so that 
it cannot be said the process was gradual, and that the object, 
first becoming visible as a minute speck, went on enlarging and 
intensifying until it reached its present striking proportions. The 
*]>ot may quite ]x>ssibly have resulted from a sudden convulsion 
in the Jovian atmosphere, by which a large area was sundered, 
I the planet's dark surface in part revealed. In any case, 
(ciningly permanent character of the spot and its well-marked 
\e are it* most salient features*, and should indications 
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cither of decay or further development lie presented, they will be 
quieklv noticed by the host of observera who art ens 

■■:■_■ v.lnii :• rcriainly ( i tic i.t' tin.' innst lingular and ;ilti ac- 
tive of the astronomical phenomena of our time. 

Some important purposes will be served by the long endu- 
rance of this unique object. It will give us the means 
of computing, with greater facility and accuracy than was ever 
i lief ore, the period of rotation of Jupiter, This has 
uly attempted with some success, and the resulting 
values in two instances are 9 1 ' 55 m 34*"2 and 9 h 5o m 33 ! '9. 
These were derived from observations during the opposition of 
1879, and they show that the period of 9 h 55"' 26*, which has 
aanly adopted hitherto, is fully 8 seconds short of the 
true interval. But though (he new determination of ifl 1 55 10 34" 
above referred to may be relied on as extremely exact, it should lie 
suggested that the work has been undertaken prematurely- It 
is advisable not to lie too sanguine of results depending on short 
periods, however carefully the details have been worked out. 
Tlit* fimd discussion of the question must be left to a future 
time, for it will be obviously preferable to rely on a period 
extending over several years than on a period extending over a 
few months only. The planet, as observed on two dates, say 
fnur months apart, has performed less than 301* rotatioiw, 
whereas, if the interval is extended to four years, the number 
ufl will be more than 3500; and seeing that the large 
spot now visible is likely to endure for a period at least equal 
to this, we can well postpone the ultimate analysis to the time 
icdiately preceding the end of its visible existence. We shall 
be enabled, by a comparison of a few of our best observa- 
, to deduce the period with more precision than could result 
a mere partial investigation. 
Hut jast aa astronomers hud been congratulating themselves 
upon such excellent means of finding the length of the Jovian 
d.iy. we had the announcement that the markings upon the disc 
of the planet are influenced by a variety of different motions. 
*"* ; great red spot, which has created so much stir amongst ob- 
ren of planetary phenomena, cannot keep pace with the 
te spots which alternate with the darker areas around the 
ded equatorial girdle of the plauet, nor do the black spots of 
smaller typo (some varieties of which have lately been spread 
along a faint belt in the north hemisphere) maintain permanent 
positions, either with respect to each other, or to the other 
markings on the surface. In fact, as observed on different 
nights, ihe appearance of the planet is vastly altered ; a series 
of rapid currents, probably atmospheric, has displaced the 
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relative positions of the chief objects. While the great red snot 
in the southern hemisphere makes its regular ay^iaiv&siab «x 
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Priods of 9" 55™ 34*, the white equatorial spots are only 
60J*, nnd the black spots in the north hemisphere only 
9" 48™. The smaller spots have, thorefore, a swift proper 
motion from west to east around the planet, and they have been 
seen, on several consecutive nights of observation, to overtake 
the red spot, to pass rapidly by it, and then to precede it by a 
distance increasing with every successive epoch. Those facts are 
thoroughly well authenticated by the accordant results of 
so vend diligent observers. 

That phenomena of such striking aspect and indicative of 
stupendous changes in the atmospheric envelope of the planet 
should have so long escaped the frequent and vigilant scrutiny 
its importance greatly demanded, is very surprising when we 
consider the host of adequately powerful telescopes which are 
again and again directed to Jupiter at each recurring opposition. 
For there is no sufficient reason to think that the curious detail* 
recently observed are of very rare character, and special to our 
own time. Notwithstanding their present very distinct and 
palpable occurrence, we have every right to assume that they 
are the simple evidence of what is constantly manifested in the 
physical aspect of the planet. Look at him whenever we will, 
wo shall find some indications of vast disturbances, and (though 
there mav be times of comparative quiescence in such phenomena) 
they will" occasionally be so conspicuous as to call for particular 
comment, ltut the more minute of these appear to have eluded 
observers in past years, and it is only now that the apparition 
of the great red spot has so fully aroused interest that they 
seem likely to receive a full investigation- We shall certainly 
learn something of the singular phenomena occurring on the 
planet by their means. The complexity of spot-motion which 
the observations are unfolding, hnve their explanation ; and this 
may be forthcoming when the results come to be collated and 
compared in the final analysis. 

We have said that former observers bad overlooked these 
important facts. We mean by this that the matter had never 
been discussed with any thoroughness, and that, though we may 
lind NUOOgst old records some brief, vague references to pheno- 
mena similar to those which are now engaging so much notice, 
they never received a due meed of attention. We can go back, 
indeed, more than two centuries, and trace what may have been a 
precisely similar observation to what is now recorded. Cassini, 
m ltiti&, determined the rotatiou period of Jupiter as 9 b 56™ ; 
hi ii I -even years later, from other spots which he distinguished, at 
9 h 56™ 1 50". Those results, so nearly ooincident, were evidently 
d.Tivnl from markings of analogous rharucter to each other, 
and to the red spot which is at present visible on the planet. 
Twenty years later, namely in 16y2, Cassini observed another 
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x>t, whose motions he watched with the same assiduity as i 
preceding instances, and deduced a period of 9 h 50 m from 
new observations. The inference is obvious. He had 
served objects of different nature, showing a difference of 
motions, for the discordance of nearly six minutes between his 
values cannot possibly be accounted tor ou other grounds. The 
trivial d aor ep a ncy ot 10 seconds between his hrst two values is 
readily explained by errors of observation ; but the large dis- 
agreement with his subsequent calculations is only to be satisfied 
on the assumption that the spot exhibited proper motion. 

Schriiter DM also left, on record an observation of black spots 
"ing the Jovian disc in abnormal periods; and M tidier, in his 
Vopulare Adronomie has a reference to similar phenomena. 

In September, 1880, the writer commenced a series of obser- 
'arions of Jupiter, with the object of noting the peculiar farms 
the markings, and of generally recording such changes 
might be presented in his appearance. The telescope em- 
loved was a reflector of 10 inches aperture, by Browning of 
mdon. The powers used depended upon the state of the 
m"-[pln.'Tv. Sometimes the performance of the instrument 
i best with 300, but under ordinary circumstances 450 was 
most effectual ; and at times, when the air was very 
steady and the planet free from that tremulous movement 
bo annoying to observers, 500, and even (300, could be used with 
advantage. The usual appearance of the planet was that of a 

§lobe striped with a variety of dark parallel bands. Whenever 
ie Urge spot was visible, the aspect was different. Its well- 
defined outline and the contrast it offered to the series of con- 
tinuous belts, gave a special character to the view (PI. I. fig. 1). 
In the equatorial region of the planet, (here was always a very 
broad and variously marked xone of shading. A mass of detail 
was apparent here, and changes of great extent were evidently 
in progress. The zone was bounded, on both its north and south 
limits, by a dark streak, that on the north side being obviously 
the deeper of the two. Included within these streaks, there 
were fainter patches interspersed with lighter areas and spots. 
The latter were usually slightly on the southern side of the 
equator, while, immediately on ihe other side and contiguous 
to the north streak, though distinct from it, was an irregular row 
of dusky patches. In (he southern hemisphere, the great spot 
was risible adjacent to the great belt (see Fig. 1), and preceding 
this to the southward, there lay a smaller elliptical spot, which 
wao discovered by Mr. Barnard, at Nashville, Tennessee, on 
July 24th, 1880. Several faint belts were perceptible on the 
south side of these objects, and the south pole itself was capped 
by a dusky shadowing, or by a numerous array of belts so close 
together as to be inseparable. In the northern hemisphere. 
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latitude .-lijijur J-> . Tj.tr> n V-v-oir mic-i m« re conspicuous, 

other* furmed and ~hey -T:r-:Lii u? *■ -t;. ii 1:1 .-x~-:ir that at the 
present time they exr-n-i r.illy liali--v.iT rvund the planet, 
thoutrh at the tin:e ' -t ro-:r •ii.-t*i v-ry tili-v -v.>r*f -ht: arated by an 
info will not exceeding *onie 'z' 1 ' >.-i l»;-cr:~~Ldt. The writer tir>t 
noticed the disturbed *ratr -it riie ht-Ir on "if ni^ht of October 
24th, at. 1 1£ p.m., when a Train *>f «iark -pet-? wu- visible on the 
went limb fsee PI. I. tiar. '2 1. Thev wore dett.-ered a^riin on October 
20th and subsequent nights, and the individual, sprts of the 
group were recorded as they crossed the central meridian of 
the planet. To .show how quickly the spots extended them- 
acIvcm along the belt, let us comjwire the period* occupied by 
the whole group in passing the meridian : — 

Of. 20 

Nov. 2 

iN'iVi n t . . . 

Nov. 2>t 

Nov. 27 

These kjk»Ih noon gave indications of proper motion. Their 
iMTiori of rotation was filxuit 1\ minutes less than that of the great 
red HjM»t, in fnrt, between October 29th and December 2nd, a 
comparison of their ]K»sitions shows them to have made a com- 
plete circuit of the planet ! They hud only occupied 34 duys 
111 traversing the vast extent of the Jovian sphere. A further 
development of the n|>ot« in the name longitudinal direction will 
nm m ha vi' tin* cilect of entwining them completely around the 
planet ; 11 m I miicIi aporars to be the inevitable result of their 
firrtit behaviour. SN e may then expect to see their gradual 
iliMiippiMinuiee as distinct sjH»ts, though they may possibly be 
perceptible for a long time afterwards under the character of a 
veiv conspicuous bell I\ing north of the equator. If this 
i«\riit\iall\ proves u» be the ea**e. and the future upj>ea ranees of 
the »|H»t« nhouUl Ivcriiically uutclunl to as<vriain whether it is 
'hull lm\e u g*Hnl instance as u\ lu»w thcsi* largt 1 belts are 

The iufeivnce will be that thev aiv ortiriuated bv an 
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uprush, or emission, from the planet's surface ; and that as this 
reaches the outer regions of the atmosphere it is dispersed in the 
direction of the longitude by the effects of the rapid rotatory 
motion of the planet. It is certain that these small spots are 
different in some essential details from the large spot in the 
southern hemisphere, inasmuch as they display a very erratic 
form of appearance and rate of motion, and are probably to be 
accounted for in a totally different manner. On the other 
hand, the minute elliptical spot, south preceding the red spot, 
has, by its constancy of position, sufficiently proved itself to be 
of analogous character. 

"We have mentioned light patches and spots as discernible in 
the southern interior border of the great equatorial belt, and 
there is one of these which should be singled out as displaying 
a more prominent aspect than any of the others. It was first 
seen by the writer just before midnight on September 18th, 
when the following reference was entered in his note-book : — 

' 1880. September 18th, ll h 50 m , observed Jupiter with 
10-inch reflector, power 150 ; but there were storms and clouds 
which interrupted, though the planet was fairly well defined at 
times. I noticed a bright spot directly, about half way across 
the disc and just south of the equator. Another bright, ellip- 
tical spot preceded this, and indeed on the equatorial borders of 
the great southern belt the surface was very bright in places, 
giving the impression of more objects of similar kind. The 
chief spot had a pearly whiteness and stood out with con- 

3>icuous plainness amongst the mass of detail faintly traceable 
ong the planet's equator.' 
I took particular care to re-observe this curious appearance 
as often as possible during the ensuing months of October and 
November, and to note, with as much accuracy as eye-estimates 
permitted, the exact times when it crossed the central meridian 
of Jupiter. The following results were thus obtained : — 
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Nov. 4 


. 5 25 ... 


96-4 


Nov. 28 
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Nov. 8 . 
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Nov. 29 
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Nov. 17 


. 8 14 ... 
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Dec. 3 . 


7 54 . 


.. 233-4 



Thus in 76 days the spot had apparently traversed 572 0, 4 of 
Jovian longitude, which is equivalent to 7 C, 5 per day. This is 
with reference to the assumed position of the first meridian. 
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which is based on a period of 9 h 55" 1 27*08, derived from tl 

observations of dark spots seen in 1834—5 find 1862. But if tl 
motion of the white spot is taken relatively to that of the re 
spot now visible, which rotates more slowly than those of 1834- 
and 1862, referred to. it becomes even greater ; for during tl 
eleven weeks over which the observations extend, the aggrega 
movement will be 586°, or 7 0, 7 daily — nearly 13 mnmtes 
time. This motion hus not been uniformly maintained. Tl 
records show a considerable retardation during the latter peril 
of the observations. Let us divide the dates into nearly equa 
intervals and compare the calculated periods from each 
them : — 



Ol«eriod ]»doA 



Oct. 20 , 

Oct. 30 . 
Oct. 30 . 
Nov. 8 . 
Nov. 8 . 
Nov. 17 . 
Nov. 17 . 
Nov. 20 



11 381 



1 35 

,. 

) ie 



Between November 26th and December 3rd, the moti 
seems to have been accelerated, the period being D h 5C 
exactly, and similar to that of the period from October 30th 
November 8th, 

Certain trivial, though important, corrections have to 
applied to these times. Differences in the longitudes of Jttpi 
and the Earth, and in the varying distance and p] i 
planet have severally to be computed and the resulting valt 
applied to the simple observed periods. But the 00 
required are very small, not exceeding a few seconds, and w 
be properly discussed when the observations have reached 
nioreVomplete stage and are in process of final reduction. 

In Fig. 3 (PI. I.), I have endeavoured to show the uppearan 
of the white spot in the equatorial belt on November 28th, wJ 
it was noted as central on Jupiter. Compared with the d 
rifts and streaks in its vicinity, the spot is strikingly promiin. 
lying a little south of the equator and breaking into the grea 
south belt. In Fig. 4 are shown its several pot-itinns 
took the red spot on the nights of November 17th, 19th, 301 
and 21st. On November 19th, the white spot appeared to 
situated in precisely the Mime longitude as the red spot. I 
the following night its swifter motion had carried it forwa 
i lily in advance of the middle of the red Spot, and 
«r21st it was perceptible under the preceding end. T 
mllowinc is the comparison of the observed times ol transit 
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these spots and the differences which their discordant motions 
have originated : — 






WUM ipf*. Dlttnteaoe. 



Not. 3 


12 


Not. 8 


6 21 


Nov. 17 


7 44 


Nov. 19 


23 


Not. 20 


5 14 


Nov. ai 


11 4 


Not. 27 . 





Nov. 28 


11 49 


Not. 29 


7 40 



7 43 


+ 


S 27 


8 14 


+ 


30 


8 23 


+ 





6 2 


- 


18 


41 


— 


23 


4 19 


— 


1 41 


9 61 


— 


1 58 


6 27 


- 


a 13 



Thus, on November 2nd, the white spot followed the red by 
3" 49"', but, gradually drawing up to it, the interval decreased 
until November 19th, when the two objects mutually inter- 
sected the meridian at 9 h 23"'. After this the white spot pre- 
ceded by a distance rapidly accumulating, so thut when I last 
observed both the spots, on November 29th, the interval 
separating them had become 2 h 13 m ; the daily excess of velo- 
city of the white spot compared with the red bad been 13J 
minutes for the period included in the dates November 2-129, 
and slightly more than that (13 minutes) deduced from the 
whole series of observations from September 18th to December 
3rd, referred to above. 

It should be mentioned tbat in the sketches the objects are 
in each case represented as seen in an inverting telescope, so that 
the planet's east limb appears on the right-hand side, and the 
northern hemisphere is the lower hemisphere as depicted in the 
Bgtom 

It is satisfactory to know that the singular white spot has 
been observed pretty frequently, and that it will be carefully 
niched us it successively becomes favourably presented on the 
0SM nl' Jupiter. It is undoubtedly liable to great variations of 
brightness, and the light spots in its close neighbourhood have 
been noticed several times to alternately appear and disappear 
at remarkably short intervals, Indeed the effect produced has 
been something similar to that of dark clouds sweeping over 
brightly luminous regions; and the mere fact of recurrence of 
identical markings on the Jovian disc, leads to the inference 
that such phenomena are referable to atmospheric origin. It 
is impossible to conceive that such immense changes can occur 
00 the real surface of the planet. They must be attributable 
to a rapidly variable envelope, influenced by swift currents and 
opposing forces, so that its density and' thickness become 
thereby affected and the sunlight reflected in different degree. 
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Large openings may result, so thnt. the lower strata bo 

even the actual surface of the planet itself rendered 
risible through the Manures. It would be strong evidence in 
sii[.|n-il (if i)ic In iter thesis should the fact of recurrent bright 
markings he fully estuhHshed hy further ohservutions ; for it 
«ill In- i in iKjssil ilo to explain them, on other grounds than that 
tliey are j.iliysiciilly connected with the planet. Temporary 
obscurations will he accounted for by atmospheric inter- 
ferences. 

The phenomena of the dark and rod spots in regions of the 
north and south hemispheres may also possibly receive B 
similar explanation, though wo require a mass of well-authenti- 
cated records before ihe solution of the question can I 
factnrily brought about. A series of reliable drawings re- 
presenting the telescopic features of the plaint at BSC 
opposition would, if extending over many years ami i 
by the same hand and instrument, be extremely valuable in 
sii!-!i an investigation. A systematic scrutiny of the planet 
might be undertaken by a bund of observers acting in anisOB) 
and the results accruing each year carefully registered for 
future comparison. Markings, if recurrent, would then be 
revealed in time, and their periods ascertained. It is true that 
drawings by different observers often show much dissimilarity ; 
but this shoidd not, in the cose where a large number 
able for comparison, have an unfavourable effect upon the dis- 
cussion, because the different styles of depicting details must 
soon become apparent and might he allowed for throughout the 
series. Thus the sketches would become readily com pa ruble, 
and admit of such mutual corroborative testimony as the subject 
allowed. Observers engaged in a work of this kind must, 
however, exercise extreme caution in representing the details 
just as they Bee them, and not allow their imaginations to 
influence them in the slightest degree. On bad nights, when 
definition is execrable and the interesting features of the 

E Unfit blotted out. nothing should be attempted. It will be 
etter to wait for more favourable conditions of atmosphere 
than to make an effort to reproduce what can, at the best, be 
very uncertainly seen, and what may prove an ultimate source 
of discordance and error. 

Tlh'dimiuulive pictures of Ji:/ii/rr which we are neeuslnoiod 
to see in popular works on Astronomy and in scientifi 

n way to Blotches of larger dimensions, It is impos- 
sible that the details can be suitably and adequately repre- 
sented is drawings obviously too small for the purj 
which they are designed. It is true there is considerable dim* 
-iiltv in depicting this planel with all the details visil 
i 1 rotation originates a rapid 
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in their apparent positions, aw] it is manifestly impossible lo 
combine toe observations of several nigbta beeaan cne objects 
ham in the meantime undergone a great displacement m men 

; luce*. Let any observer execute a careful sk'tcii of 
tin- plane! when the red spot, is on the central meridian, and 
then, three or four nights Inter, make a similar drawing. He 
will, on comparing them, End they are utterly incompatible. 
The objects which in his first sketch were immediately adja.-.-nt 
to the red spot, are seeti considerably in advance of it (towards 
flie western limb), while others, which in his previous observa- 
" between the centre and east limb are now lying 
directly under the red spot. Such facts have to be eaninlly 
■( by observers "f Jovian phenomena, hence their 
sketches are necessarily hurried und often imperfect in de- 

T:iiI.-\ 

We have been particular in describing these observations of 
spots on Jupiter, because the phenomena so distinctly exhibited 
by them must obviously command the attention of even' one 
interested in inquiries connected with the physical condition of 
the Jovian planet. The singular diversity of appearance and 
motions which have been pointed out, must lie eagerly traced in 
their future sustenance and development ■; and it is of happy 
ftogufy, as indicating the interest centred in the subject and 
the probability of its successful investigation, that so many ob- 
servers are now devoting a share of their time to the work. 
The acquisition of numerous records that must accrue from 
many independent sources will possess considerable value, and 
be the means of eliminating such errors as are unavoidable 
in observations of meagre character. 

Mr. Dennett at Southampton, Mr. Williams at Brighton, 
and the writer at Bristol, simultaneously pointed out the evi- 
dences of rapid proper motions in the dark spots recently ob- 
i inged along a belt in the northern hemisphere of Jupiter. 
The white spot just south of the planet's equator was detected 
by the writer on September 18, and it came under general obser- 
■ after November 17. Mr. H. C'order at Chelmsford has 
ied it on many occasions, and noted its transits across 
oentral meridian of Jupiter. He had been previously led to 
the motion of the ' white ovals' on the equator from ob- 
tions with a 4A-inch reflector in the autumn of 1879, and 
given a summary of his observations in the Obmrratorj/ lor 
i of that year. From certain changes of position which 
Iced on succeeding nights, he concluded that, relatively 
■ I spot, they completed a circuit of the planet in about 

■ days, 

kin conducting his recent observations, the writer has not 
I special regard to the appearances of the satellites. Their 
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shadows have been several times noted crossing the disc as h] 
spots of very distinct aspect, and Satellite I. has been 
Been, both by Mr. Corder and the writer, projected on the disc as a 
dusky spot. These ' dark transits ' of the first satellite are 
somewhat rare, though it would appear that during the present 
Opposition they have quite lost, their exceptional character. 

The large extent of detail manifested on the surface of 
Jnt>it,-r has often impressed the writer with the necessity of a 
critical and searching review. There is a wide field here for patient 
labour and painstaking scrutiny. We have often heard of the 
vast amount of scenery on the lunar surface, and of the magnitude 
of the task involved in its complete delineation ; and we have 
been told by those who have laboured in the field of meteoric 
astronomy, of the multitude and variety of the meteor streams 
which the Earth annually intersects. Indeed, each of us has 
learnt, in his own department, to realize something of the 
stupendous nature of the subject to which our individual 
energies have been applied, and to admit that we can never hope 
to attain more than a very partial knowledge at the best. In 
the scenery "f Jupiter and its swiftly- varying aspects, we may 
find another lurgc field for exploration, holding out as rich a 
prospect of successful results as that of any other branch of 
ustrononiii'iil roflcaroh. 

Those who, during the last few months, have been engaged 
in examinations of Jupiter will frequently have turned their 
telescopes upon Saturn, situated not far to the eastward, and 
viewed his wonderful ringed sphere. It is true that this planet 
scarcely affords, from his greater distance, the same extent of 
detail as that j>erceptible upon the disc of Jupiter ; hut the 
appearance of the ring amply compensates for whatever is 
wanting in other respects: and there is this to be said, that 
Saturn is commonly much better defined in a telescope than 
■hipiti'r. The brightness and glare attending the latter planet 
brings about an indistinctness which only the best conditions of 
atmosphere can fully eliminate ; while, in the case of Saturn, the 
moderation of lustre has the obvious effect of inducing the best 
performance of the telescope. This planet has lately been 
frequently subjected to careful inspection by the writer, and 
such features as could be discerned with certainty were noted 
down. The ring showed two divisions — one as a plain, black, 
curving streak, the other as an extremely faint line, not far from 
the Outer extremity. The inner dusky (or crape) ring was also 
seen, and the exterior border of the outer bright ri 
Very dark, and where it was projected upon the planet, was visible 
as a dusky bar of shading, giving the impression that there is 
another dark ring lying closely outside the system of bright 
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rings. Upon the planet himself a series of belts were always 
observed, though sometimes with greater distinctness than nt 
others ; but, compared with the belts on Jupiter, they were 
remarkably faint, wholly lacking that decided character and 
nXMgatea aspect invariably shown by the latter phenomena. 
Near the south pole of Saturn there was a very dark cap, and 
separating this from the belts lying near the equator, there 
intervened a lighter zone. Bright patches were suspected on 
this, particularly where it came up to the planet's margin ; and 
on November 17 a marking of this nature was certainly seen on 
the south -south-west limb, though it remained in view only for a 
short, interval, and could not be reobserved on subsequent occa- 
sions. Some observers have referred to the figure of Saturn as 
sometimes assuming a singular form known as ' square-shoul- 
dered,' and the fact is supported on unequivocal testimony. 
The writer had not made many observations before this curious 
figure became distinctly apparent, causing an evident distor- 
tion of the globe, and a departure from the true spheroidal 
form. Attention was then more specially directed to the cir- 
cumstances, and the explanation appeared to be that, while the 
bright belt above alluded to bad the effect of apparently 
'nuabtg' the globe, the dark bands compressed it to such a 
degree as to bring about a very palpable deviation from the 
normal form. This is a fact which future observers should 

f~-"aider. In addition to the bright belt referred to, the system 
exhibited two other markedly bright zones — one on 
planet's equator, and the other lying immediately within 
major division in the rings. 

EXPLANATION OF PLATE I. 

PW, ] . Jupiter, bia belu and great red spot. 1880, October 14th, 9" 36 m . 

[■"(i.. -J. Jit/xter a,nd his belts. 1880, October 24th, 11* 15™. 

!'"['., .'!, Beetira of the gTeat equatorial belt, showing the white spot. 1830, 
November 38th, 9" 61™. 

Fio. 4. The white spot ovt>rtid;ing and passing tlio red apot, as observed on 
November 17th, 19th, 20th, and 21st. The apparent motion is 
from east to west, i.e. from right to left in the diagram. 
5. Saturn and his rings. 1*80, November 28th, b b 30". 
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IXSECTS are Articulated Animals, in which tlit- im 
plays the part of the internal skeleton of Wn 
forming surfaces for the attachment and play of in. 
well as a covering and protection for the Vital 01 
enclose, for which purposes it is hardened by the depo 
horny substance called ehiline. In their simplest : 
of the maggot or caterpillar, insects much resemble worms, aUtbjB 
rings of the body being nearly similar to each other. In their 
perfect condition, however, the body exhibits three well-marked 
divisions, viz. the head, the thorax, and the abdomen, the two 
former of which bear articulated appendages. An alimentary 
canal traverses the body, and presents an oesophagus, criip, 
gizzard, ventrieulus, or chyle stomach, and intestine. \ rluiii 
of double nerve- ganglia runs, united by cords, along the renin] 
surface of the body, and is connected with the cerebral ganglit* 
or brain, by curds surrounding the oesophagus. Opposed to 
this is mi elongated contractile organ, the dorsal vessel, the chief 
agent of the circulation. Respiration is effected by moans of 
trsohese, or breathing tubes, opening on the surfaces of the body 
by special apertures called spiracles.* The mouth-o 
moditied limbs, and ruuv be either manducatory or ba 
They consist of a pair ot mandibles, a pair of 
palpi, and the parts forming the labium, or lower tip, via. the 
menturu, the ligula, and a pair of labial palpi ; a horny plate 
called the labrum covers the mouth from above, Such Lsaronrii 
outline of structures which it is intended to illustrate more fidly 
in the insect which gives its title to this paper. Bcf 
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entering in detail on our subject, it will be well to Ball h 
mind the principles which determine not only the rank of 
insects in the Articulate aeries, but that also of the different 
orders of insects among themselves ; so shall we be able to view 
the structures presented to our notice, not as a piece of isolated 
animal mechanism, but as one holding its special place among 
others closely allied to it — an example not only of insect structure 
in general, but of coleopterous structure in particular. The 
Articulate type, under which Cuvier ranged all those onimuls 
whose bodies are composed of a number of successive rings or 
segments, includes the three great divisions of the Worms, 
Crustaceans, and Insects ; and these take rank among themselves 
in proportion to the amount of specialization of function ex- 
hibited in their organization. This principle has been aptly 
termed by Milne Edwards as (bat of the physiological division 
of labour. The various actions and processes or life termed 
functions may be carried on, as in that simplest of all animals 
tlic Amceba, indifferently by any part of the body, or each 
function mfty have a special part of the body allotted to it ; and 
in proportion as this is the case the various functions will be 
rained on with greater or less perfection. More especially is 
this seen with respect to the two great functions of animal life, \i/, 
locomotion and sensation as opposed to the purely vegetative ones 
of nutrition and reproduction. It is the perfection of these 
functions which places so broad a stamp of superiority on the 
higher Articulate classes, viz. the Crustacea and Insects, as com- 
pared \n'th their humbler brethren the Worms. 

The result of this specialization of function, as exhibited in 
tlii- lii'ilv i>f an articulate animal, is chief! v ifs more and more 
perfect differentiation into the three regions of head, thorax, and 
abdomen; to Ihc first belong the functions of sensation, to the 
second those of motion, and to the third tho vegetative functions 
"' nutrition and reproduction. The original division of the body 
somewhat similar rings becomes subordinate to a new 
on into regions ; and the more clearly this is observable, 

higher rank will the animal exhibiting it take. 

In intimate connexion with the alterations thus apparent in 
the external form, there is observable a concentration of the 
nervous system towards the head and thorax. In its simplest 
farm which obtains in the Worms, this system consists of two 
longitudinal cords, each with a swelling (nerve-knot, or 
corresponding to each segment. In the Diptera, as 
an example of one of the higher Insect orders, we find this 
chain of ganglia reduced to two — one in the head and one in 
\, — the abdomen being supplied only with filaments 
Ron the bitter. It is almost needless to point out bow this 

toentration of the nervous system towards the head finds its 
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t expression in the complex brain of man and the Verte- 
brate animals. 

The eight principal orders of six-footed inserts have beta 
arranged by Packard into the two following groups of Metabola 
and Heteroinetabola,* via. 

Bnb-or&m, P fkan L 
MeUMa. The body usually cylindrical ; prothc-rax- 

small ; mouth parte more generally hauitellate Hymenopbira. 

(formed for sucking); metamorphosis complete; - I«pidopter». 

pupa inactive ; larva usually cylindrical, very Diptera. 

unlike the adult. " ' 

llcterometabola : the body usually flattened ; pro— i Coleoptera. 

thorax large and squarish ; mouth parts usually Hemiptera. 

adapted for biting ; metamorphosis in n large ^Orthoptera. 

number incomplete ; pupa often inactive ; larva Neuroptera. 

flattened, often resembling the adult. J Tnysanura. 

In the Metabola, as the higher of these two groups, the 
differentiation of the thorax from the other parte of the body 
is more marked than in the other. The three segments of 
which it is composed, and which are known aa the pro-, meso-, 
and meta-thorax, have coalesced together into a compact mass, 
separated by deep incisions from the head and abdomen.-f- The 
function of" flight is chiefly concentrated in the mesothorax,* 
which segment is enormously enlarged at the expense of the 
other two. In the Heterometabola, on the contrary, the 
evidences of imperfect specialization are seen in the greater 
separation of the thoracic segments from each other, and their 
closer connexion with the abdomen. § The power of flight is not 
so much confined to one segment, viz. the mesothorax, but is 
sometimes, as in the Coleoptera, resident in the metathorax, and 
sometimes, as in the Orthoptera and Neuroptera, the property of 
both ; or, again, it may be absent altogether, as in the Thy- 
sanura.tl In conformity with this, the nervous system in 
the Metabola, as also in the Coleoptera, as the highest order of 
Heterometabola, exhibits a greater amount of concentration than 

* It should be observed that these two groups do not form a linear 
aeriea, but rather two parallel ones. See l'ackrard a Guide to the «m/y if 
Iraectt, p. 106. 

t The regional division of tho body is more marked than its division into 
segments. 

t See figs. and 7 in illustration. 

§ In other words, segmental atill prevail over regional distinctions. 

|J In the Hymeooptera and L.-pjdoptera there are two pairs of wings, 
but in the former the hind pair are not provided with muscles of Uighl, aitd 

lidoptera Ihev lire imperfectly so, the important l< 
mil*!'* L-iiijr iili--iit. 1 tliervf'uv ri'^nrd thi'in as suburJiiiati- i 
pair, and have described the function of tlight as chie ' j 
mesothorax. 
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:her orders ; and the extent, of the changes which they 

3 in order to reach maturity is in a corresponding degree 

irked.' 

n PI. II. figs. 6 and 7, will be found drawings of the Blow- 

y and Cockroach, as illustrations of the highest and lowest type* 

t inject structure. In both will be clearly seen the character- 

> just alluded to, and in the latter especially the similarity 

[ the thoracic segments to each other and to those of the abdo- 

len should be noted as evidences of a low grade of develop- 

The place which the Coleoptera occupy in the scale will 

rendered more clear when we describe the thorax of tho 

.; Baetfa. 

Commencing our description with the month-organs, we 
-.I..' (hat the great horny mandibles, which so conspicuously 
" head of the insect, are the exclusive property of the 
male sex, those of the female being small in comparison. They 
situated immediately beneath the clypeus and labium, to be 
cntly mentioned, and are united to the upper and under 
rarface of the head by a hinge-like joint, so as to work back- 
I forwards in a horizontal plane. They are capable of 
biting with very great force. Notwithstanding the heavy Bp- 
i.lny give to the head of the insect, they are lighter 
than their bulk would indicate, being quite hollow, and tho 
cavities occupied only by a cellular nu-li containing air, pro- 
bably B modification of the tracheal vessels distributed to this 
pars. A strong, homy plate is seen between the mandibles on 
the upper surface, bent downwards, and constituting the labrum 
or upper lip. I'l. II. fig. 1, lr. This in most insects is articulated 
p ution of the bead immediately behind it, hut in the 
Ilc.tle the two parts are immovably soldered together. 
<ly beneath the labrum and mandibles' are found the 
utilise, or lesser jaws, PL II. tig. 15, with which insects are 
s provided. They are partially concealed by the mentum, 
d which they project as two fringed lobes ; they carry a 
r of four-jointed palpi. Their motion, like that of the man- 
, is in a horizontal plane. In many beetles the office of 
■ maxilla' appears to be the retention of the prey within the 
tng the action of the mandibles. As the Stag 
however, is n vegetable feeder, subsisting upon the 
s of trees which it has wounded with its mandibles, these 
adapted to lap up the juices thus obtained, 
th these, and closing the mouth from below, are found 
composing the labium, or lower lip. They consist of 
i broad, horny plate, the mentum, PI. II. fig. 2, m, immediately 

■ k-.-rved that us si rule the degree of perfi 

or 4i n 'D'^mii i- I In ■-:■!.■.[ t ■.- j tin' ntnir 1 1 1] i ; i. ■ i . ■ • j - 1 j i . ■ irrjujcs ■ ■(' dr\i 

n which it mast traverse to attain its tall perfection. 
:s, \uL. v. — NO. XVII. 
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within the anterior margin of which is a minute organ divided 
at its anterior extremity into two lobes, fringed with hairs 
PI II. tig. 1(5, very similar to, though much smaller than, the 
fringed lobes of tho maxilla;. These are the paruglossx-. Ih*J 
are regarded by some authors as a second pair of maxilla ; and 
like them, they bear at their base a pair of minute three-jointec 
palpi. 

The upper surface of the head is formed by a large rectan- 

fulor piece, the fore part of which is called the clypcus, PI. II. 
g, lr, somewhat produced at its anterior angles, where are 
situate the anlenna?, consisting of ten joints, the basal one being 
very long, and the remainder attached thereto at an angle, thua 
giving an elbowed character to these organs, distinctive "i Hit 
family Lucanidio, to which the insect belongs. Of the remain- 
ing joints, the five terminal ones are formed into a pectinated 
club, somewhat, resembling those of the Cockchafer, but nol 
nearly so distinctly lamclkted. The function of the i 
is the subject of considerable diversity of opinion amongst 
naturalists, some believing them to be organs of hearil 
of smell, and others again of a sense unknown to us. A large 
and conspicuous nerve enters the base of these org:i!; 
bryological considerations have led to the conclusion that the 
four paired organs, viz. the antennae, the mandibles, the nmxillrc, 
and the paraglossia, are the limbs of so many segments of which 
the head is composed. The eyes are of the usual compound 
type; they are small in comparison with the size of the insect, 
probably for the reason that its vegetable- feeding habits do 
not require its vision to be so keen or so widely extended in 
range as in carnivorous species. A small process of integu- 
ment called tho canlhus cxlends partly ucroas the eye from Ul 
anterior border. This process is extended nearly or even quite 
across the eye in some of the burrowing Beetles, us in 
mon Dung Beetle (Geotrupes). The structure of the compound 
eyes of insects has been so often described that it. does I 
to require special comment here. The multiplication of similar 
parts in the eye of the insect, as compared with the single and 
highly-finished organ of the Vertebrates, may be taken as an 
evidence ot inferiority of organization. Behind the clypcus, 
and extending forward laterally as far as the eye, is a piece 
c] iic ran iu m, PI. II. fig. l,c ; and on the under surface 
of the head behind the menluin there arc two other portions oj 
tin' integument, respectively termed the submentum, PL II. fig. 
2, mm, and the gula ; but the boundaries of these part-. 
clear enough in some insects, are rather difficult to del 
in the Stag Beetle. The hinder Buri'aee of the head, 
adjoins the prothorax, is perforated by u lur- 

Eor the oesophagus, m i roue cord, &e. ; and th 
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of integument immediately surrounding this orifice is termed 
the occiput. 

The complexity of structure in the head of the insect renders 
it futile to attempt to discriminate certainly the several seg- 
ments of which it is composed from a study of its own structure ; 
the only light that can be thrown upon it must be derived from 
tin examination of the insect while yet in the egg. It is other- 
wise, however, with the succeeding portion of the body, the 
thorax, where, as has been already stated, the segmental division 
is much more apparent than in the Metabola of Packard, but 
the regional distinction less so. Hence results the possibility of 
mistaking at a first glance the large square piece which follows 
the head for the equivalent of the whole of the thorax, as we see 
it in the Bee or the Fly, the truth being that this is only the 
finl of the three rings of which the thorax is composed, namely, 
the prothorax, as is immediately evident by the consideration 
that it carries only the anterior legs. Hence, also, arises the 
more intimate union and continuity of the metatliorux with the 
abdominal segments, of which we shall have occasion to speak. 
The thorax is usually said to consist of three segment* of the 
insect, viz. the second, third, and fourth segments, reckoning 
the head as one ; but this is not strictly accurate, ns the fifth 
eegmcut, is a partially atrophied condition, is very frequently, 
as here, intimately united with it, and in the Hymenoptera is 
included in front of the thoracico- 'abdominal incisure, as we 
shall presently explain. Here, also, is seen the most typical 
form of the insect segment, equally removed from the simplicity 
of the abdominal and the high complexity of the cephalic rings. 
Each consists primarily of four pieces' — a dorsal, a ventral, and 
two lateral plates, as seen in the ideal section, PI. II. fig. 9. The 
ventral plate is frequently called the sternum. Between the 
dorsal and lateral plates are placed the insertions of the wings, 
and those of the legs are found between the lateral and ventral 
plates- It is, however, by no means easy to follow out this 
ideal. The dorsal plate of the prothorax is very marked, being 
the large square plate between the head and the elytra (PL II. 
fig. 1, pr) ; the ventral plate is also clearly marked, see PL II. 
" •. 2, »t ; it is the Urge piece extending in front of and between 
e coxai (w). The lateral plates of this segment are not easy 

trace. The French naturalist, Audoum, distinguished two 

UTta in them, and illustrated them by dissections of the Great 

Vater Beetle, Dyiicus dfeumflexwt. They are an anterior por- 

thc episteruum, and a posterior portion, the epimeron. 

former portion it is difficult to recognise at all in the Stag 




and tho latter is the narrow piece, which, in PI. I 
<im, is seen extending behind the coxa On car* " 
See oote to p. 21, 
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, however, this piece ran scarcely be regarded as ■ 
e forming * portion of the crust of the segment, so much as 
8 process of the same, bent down behind the coxa, to assist in 
forming the acetabulum, or place of lodgment for the latter, and 
anchylosed with the posterior extremity of the ventral plate 
between the legs- 
It will be impossible, within the limits of this paper, to fully 
illustrate all the parts of which the thorax is composed. The 
two following segments are covered by the elytra and wings, 
which must be removed in order to reveal them. Having done 
this, we mav lind some difficulty at first in separating the 
mesothorax from the segment which follows, so firmly are they 
united to give solidity and strength to the body of the insect. 
By carefully bearing in mind, however, that this segment bean 
the elytra and intermediate legs, the separation can be effected; 
and it will then be found that it is perfectly distinct. Its most 
prominent feature on the dorsal surface is the small triangular 
plate, which is just visible between the elytra before these are 
removed, und is termed the seutellum (figs. 1 and 3, sail TVe 
cannot dwell upon this segment further than to observe that, in 
consequence of the great development of the prothoras in front, 
and of the metathorax behind, it is, so to speak, almost crashed 
out between them, in conformity with a general law of animal 
organization, which requires that the excessive enlargement of 
any one part shall be accompanied by a corresponding diminu- 
tion in the parts adjoining it. In the Metabola, as has already 
been noticed, precisely the opposite of this occurs, the meso- 
thorax being predominant at the expense of tho other segments. 
This segment, it should be noted, is composed of the some con- 
stituent plates ns the preceding and following ones. 

The metathorax is the most highly developed segment of 
the thorax in the Coleoptera; to it is assigned especially the 
function of flight, und the segment itself, and the gn s 
of muscles continued within it, are both specially designed for 
this end. The dorsal plate is shown in PI. II. fig. 8. And 
here we may take occasion to notice tho subdivision of its sur- 
fisee into lour transverse carta, which Audouin, to whom we 
owe so much, was the first to point out. He regarded them us 
i \ nl< :ni-i oi' the ultimate subdivision of the element, 
ring into so many subsegments. These parts are perhaps 
lirttiT h-i.'h in tin- iitt'solhorax of the Metabola, but arc capable 
of demonstration here. They received from Audouin the fol- 
lowing names, viz. tin* pnasDutmn, soattun, BcuteUum, and post- 
scateflum, Of these the scutum is that broad portion to which 
the (rings are attached; following this is the seutellum, the 
anterior [hnu of whioh is not twj obvious, in this segment. 
This portion. howeTM? , is Wry well marked in the meeothanx, 
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and has been already noticed. The pra?scutuin lies in front of 
the wings, and the post -scut ell urn, as its mime indicates, follows 
the scutellum. The two last-named subdivision* are generally 
bent downwards, to form attachments for the great longitudinal 
■ ■[ flight. In the lateral plates, just below the inser- 
linii of the wings, we again distinguish the epistcmuni and 
ophoaron : but so altered arc the relative position of these pieces 
by the great development of the stcraum, that we can scarcely 
recognize them as anterior and posterior in their relative posi- 
r.nher as inferior and saperior. They will be seen 
ited in PI. II. tig. 10. The sternum, or ventral plate of 
this segment, is the largest piece in tho insect, and is divided 
b] I ' ' iiirjil suture (see PI. II. figs. 2 and 10). Although its 
tjficei position is between the legs, and indeed actually is so 
in MUM insects, it will generally be found in front of, rather than 
the coxa?, as in tho present instance; it is of great 
strength, and gives origin to the great volume of muscles which 
oee upy the lateral portions of the segment. Together with tho 
■ :■ veloped posterior coxa; which lie behind it, it extends 
itra] surface of the nietathorax far beyond its dorsal 
Ijinir-i. which are marked by the inwardly developed post- 
scutellum; and the consequence is noteworthy. The ventral 
plnle of the succeeding or hfth segment of the insect has dis- 
ap[>eured, only the dorsal plate remains (PL II. fig. 8) to occupy 
the vacancy caused by the deficient backward extension of the 
dorsal surface.* This plate in the Stag Beetle assumes the 
appearance of, and is continuous with, the succeeding dorsal 
plates of the abdomen ; but except at its posterior margin, it is 
mneotod on all sides with (he metathorax; so that from one 
point of view we may regard it as the commencement of the 
abdomen, and from another us the termination of tho thorax; 
thus illustrating the lack of that sharp separation between 
thorax und abdomen, in other words, the deficiency of regional 
distinction as compared with the Motubola which has been 
already referred to, while (he great differentiation in form, 
in size, and in function, between the two wing-bearing 
segments, ranks the Coleoptera at once above the other orders 
of the Heteromctabola with which it is associated. 

The abdomen is that portion of the body of the insect which 
kingly retains its original articulate form, fulfilling, as 
: e functions of nutrition and reproduction which are 
' imetCfl istic alike of the lowest as well of the highest types of 
lata Perhaps it will be better to regard with New- 
rt the fifth segment just described as a piece by itself, the 
horucicc-abdoruinal segment ; then the true segments of the 
i included wilh 
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abdomen will coasi** of the sixth and following ones. Of these, 
seven are visible on the dorsal surface, and two at least, if not 
three, are concerned in the formation of the reproductive 
organs, making fourteen or fifteen segments in the insect, 
counting the head as one. The dorsal and ventral plates arc 
well developed, the lateral ones scarcely at all. In order to 
allow room tor the respiru' the dorsal plates are 

soft and yielding, sufficient protection being afforded to the 
upper surface by the strong covering of the elytra. 

In our review of the thorax, in order to give n more con- 
nected view of the several plates composing the same 
omitted the subject of the wings and legs ; and these important 
organs must now claim some of our attention. In the Worms, 
whose habits of life require little facility for locomotion, every 
segment takes part in the act of progression, as is also the case 
with the larva* of insects themselves, at least those which 
undergo a complete mctamoqihosis ; but in the perfect insect, 
where much greater facility of motion is required, we find the 
locomofivc appendages confined to the thorax, where tliey re- 
ceive their highest degree' of finish. In the Annelids eaoi 
segment bears two pairs of lateral appendages, or rudimentary 
limbs, the superior being dorsal and the inferior ventral. The 
wings of insects would seem to represent the former, and the 
legs the latter. The prot borax of insects is not ordinarily pro- 
vided with superior appendages, but traces of such a provision 
exist in the pup£C of the Dipt era, where they are adapted as 
breathing organs, the anterior extremity of the great tracheal 
trunks being carried into them; they disappear, however, in 
the imago. The development of the wings may be most ad- 
vautageously studied in the common Cockroach, where they art 
seen to be gradually differentiated from the lateral portions of 
the dorsal plates of the wing-bearing segments. They are in 
principle sac-like processes of the integument, into TDIOB EMM 
branches of the tracheal system. They thus always exhibit ■ 
double integument. The nervures are folds of the doable 
integument, funning tubes along which the trachea run. The 
elytra, beside their modification of form, differ from the 
wings chiefly in the greater amount of chitiuous deposit they 
contain, and tbeir consequently increased solidity. This 
thickening, however, takes place in the outer integument, only, 
the inner one lying next the body of the insect being soft and 
membranous. Between the two, in the Stag Beetle, there is a 
vesicular layer (PI, II. fig, 6), formed by the ramifications of 
the tracheal, ending in little bladders somewhat similar to those 
which occur in the body of the insect. This doubtle- 
a soft air-cushion to press upon the delicate wings beneath 
m c wings in this insect — as in most of the Coleoptera — axe 
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folded transversely beneath the elytra, the fold taking place at 
the poittt a in the drawing of tbe wing (PI. II. fig. 11). 

The legs exhibit the joints usually observable in insects, viz, 
rlir bomb, lemur, tibia, and tarsus. The coxie, or basal joints of 
the legs, are sunk in suitable cavities between the plates of the 
segments to which they belong-,* so as to secure freedom from 
all possibility of dislocation, with a limited motion of revolution 
in an antero-posterior direction. The motion of the femora 

ra the coxa?, is in a direction at right angles to this ; as is 
that of the tibia? upon the femora. The tarsal joints (PI. 
II. fig. 17) are five in number, and are connected with each 
Other by a ball and socket-joint, allowing of a limited motion in 
every direction. Tbe last tarsal joint is considerably longer 
than the preceding, and is hollowed out at its extremity to re- 
ceive the enlarged buses of the terminal claws with which it is 
armed, which lie side by side within it, and are free, like the 
joints of the tarsi themselves, to move, with certain resfericfcwM, 
in every direction. Between the claws there is a small ap- 
pendage, terminating in two minute pencils of hairs. The ex- 
quisite finish of the tarsi of this insect is well calculated to 
excite our admiration, though this may perhaps be said of every 
part of the organization of living beings in general. 

The structure of the spiracles, perhaps, more properly belongs 
to a review of the respiratory system ; a description of the ex- 
ternal structure, however, would seem to be somewhat incom- 
plete without them. They are the external orifices of the 
respiratory tubes, by means of which air is conveyed to every 
portion of the body of the insect. They occur in pairs, one on 
each side of the body, from tbe second to tbe twelfth segment 
inclusive, with the exception of the metathorax, which is un- 
provided with a spiracle. There are thus ten pairs of them, 
those of the thorax being larger than those of the abdomen. 
The former can only bo observed by separating tbe segments be- 
tween which they occur,- — one pair between the pro- and mesotho- 
rax, and the other between the Litter and the metathorax. They 
really belong to the posterior region of the segment in front of 
them. The abdominal series commence with a pair on the dorsal 
surface of the fifth or thoracico- abdominal segment, and are 
rendered visible by tbe removal of the elytra and wings. Each 
consists of a thickened oval chitinous ring (PI. II. tigs. 12, 13, 
14, and 1J>), within which is a more delicate, horny margin, 
fringed with branching processes (fig. 18), serving as a kind of 
;elude foreign matter. Within this, there is a valvu- 
• aperture (figs. 1*2 and 13), one valve of which is provided 
rith a handle-like process, into which is inserted a muscle aris- 
e sterna of the a 
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ing from the margin of ihe spiracle at its superior i 

The contraction of this mu 

li|miu the other, and thus cloaea the ■■ 

II was originally intended to pas* in review the whole of the 

structure of this insect, internally as tally. Ihe 

however, has run out to a greater length than ma 

anticipated, and we must refrain at present from pursuing it 

further. 

The study of the development and anatomical t/a 

at of unbroken ground to mai 
means of becoming acquainted with the broader aspects of the 
■ I Kniiji-iiiilujry J-, from varions causes, limited to the 
cts around them, and the 
extraordinary beauty and interest of the details which may 
thus be revealed may well prove the strongest incentive to 
master the drier technicalities of the subject which have 
occupied much of our attention in the precedi 
part of insect structure will, on attentive examination, be found 
replete with what we may still delight to call Oreativi 
Does the House Fly or the Crane Fly sip its food by means 
which so long us they are unknown can excite but little in- 
to n.^t !" Dissect them, and the secret d' the |H'i»r»- ;• 
in a pumping instrument, which the skill of the mechanician 
can scarcely approach. With a view to facilitate the acquire- 
ment by the reader of a personal acquaintance with some of 
these interesting subjects, the following observations are offered 
as the result of the author's experience. That patience and 
perseverance are necessary, it is scarcely needful Jo mention, U 
there is no royal road to knowledge of any kind. A certain 
amount of skill in drawing i> highly desirable as a means of re- 
taining observations made, which if committed to memory alone 
would c rtainly be lost. Insects for dissection should "be col- 
lected, not as single specimens, but a dozen or two at a time, when 
opportunity offers ; and if it is not convenient to make use of 
tin in at the time, they should be preserved in methylated spirit 
till wanted, by this* menus their internal parts are pre - 

liing and hardening which they undergo is frequently 
an advantage, as it serves to render the nervous and muscular 
ti^-iic- mure easily traced; but this should not supersede the 

■ as. The internal organs in 

and times the external parts, should be dissected under 

water. A compound microscope, such us may he purchased for 
5/., is desirable; and a dissecting micniscojic, similar to that 
recommended by the late Dr. Laws^n, which, together with a 

: instruments, may be obtaii 
Collins for a trifle. The stage of this instrument is provided 
rcha trough, to enable objects to be pinned 
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to. A description of it may be found in Sciairr Gtmip 
Ear Sept 1865. If artificial light be employed, u condenser 
should be provided to bring the rays of the lamp to a I • • • ■ 1 1 - on 
the object, The Internal soft parts will require to be teased 
out and floated away from their attachments with great care, 
and a jet of water directed upon toe dissection occasionally 
from a small glnss syringe will keep it clear from floating 
particlee that would otherwise obscure the view. Clean sections 
made with a sharp strong knife through the thorax in different 
directions will slum- the disposition of the muscles. Very small 
or pmt» of insects, must not be pinned, but dissected 
in a shallow receptacle, such as a watch-glass, and occasionally 
rred for closer scrutiny to the stage of the compound 
microscope. The tools used, in addition to knives of different 
thanes, as sold by opticians, should comprise a pair of fine 
dissecting forceps, the points of which should accurately meet ; 
and needles, straight and crooked, mounted in light wooden 
handles, may be easily made bv the operator himself, and prove 
extremely serviceable. The following books of reference are 
reco mm ended, viz. Ilurmeistor's Muntinl of Entumototjy, Sbuck- 
ard's Translation, 1836; Todd's Cyclopttdia of Anatomy, 
Article ' lnsccta/ by Newport; and Lowne's Anatomy of the 
Btou Fly. 
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I The Shi,' Heetle, natural size ; mi, the maxilhe ; p, maxillary palp ; 
p', labial palp; lr, labruin ; c, elypeus; a, antenna; e, epicranium ; 
pr, prothorax; set, sen t< 11 am of mesothorax. 

2. Ventral surface; nix, p, and p', as before; m, men turn ; y<u- t parft- 

gloswe ; am, aubmentum ; dp, lateral margin of dorsal plate of 
prothorai ; st, Bternum ; ex, eoxa; epim, ephneron. In the meso- 
and inetathorax, the corresponding parts are marked wilb a single 
or a double accent respectively, thus, epis", the epislernum of the 
nietatliorux. The following miiuenild iudicali 1 ihu ventral plates 
of the abdomen. 

3. Dorsal aurface of nienothorax and following- segments, the elytra 

and one wing being removed, the other one remaining to show its 
transversely folded condition ; el, attachment of elytron ; acl', 
scutellum of iiii'iillinn;.; e|iin', epi>ternum of ditto; scm", scutum, 
and eel", KOteUum of metathonx. The numerals indicate the 
donal pities of the abdomen, each of which is seen to be furnished 
with a spiracle. The po*t*cu tell urn is concealed. 

4. Transverse section of elytron, showing the thickened outer and the 

membranous inner integument, with the vesicular layer between, 
fi. Portion of vesicular layer highly magnified. 
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Fig. 6. Dorsal surface of Blow-fly. 

Fio. 7. Ditto of Cockroach. These two figures are introduced to illustrate 
the difference of structure between the Metabola and the Hetero- 
metabola, the prevalence of the regional distinction in the one, and 
of the segmentary division in the other. In the former, the whole 
of the central division of the body here visible consists of the meso- 
thorax, with the exception of the anterior angles, which belong to 
the prothorax. 

Fig. 8. The metathorax of the Stag Beetle, dorsal surface ; pre", the 
prsescutum ; w, the attachment of the wings ; g, membranous 
continuation of ditto ; sp, sp, spiracles of fifth and sixth segments ; 
6, dorsal plate of fifth or ventrally atrophied segment, the thoracico- 
abdominal segment of Newport. The remaining letters as before. 

Fig. 9. Ideal diagram of an insect segment after Packard ; dp, dorsal plate ; 
lp, lp, lateral plates ; vp, ventral plate ; aa, dorsal appendages, the 
wings; 6&, ventral appendages, the legs; ac, alimentary canal; 
ng, nervous ganglia ; dv, dorsal vessel ; tr, tracheae ; sp, spiracle. 

Fig. 10. Lateral view of mesothorax and following segments of Stag 
Beetle ; 11, lateral plates of abdomen ; vp, ventral plates of ditto. 
The remaining letters as before. 

Fig. 11. The wing unfolded ; a, the point where the fold occurs. 

Fig. 12. Abdominal spiracle, internal view, open ; a, the aperture between 
the valves ; h, the handle ; m, its muscle. 

Fig. 13. Ditto, closed. 

Fig. 14. Ditto, external view. 

Fig. 15. Maxilla ; Is, the fringed superior lobe ; p, the palp ; st, stapes ; 
li, inferior lobe ; lac, lacinia ; car, cardo. 

Fig. 16. Labium ; lig, ligula ; par, paraglossfid ; p', palp. 

Fig. 17. Tarsus of posterior leg. 

Fig. 18. Branching processes of abdominal spiracle. 

Fig. 10. Transverse section of ditto ; m, the margin ; p, processes ; a, the 
aperture ; h, the handle. 



ON FOG. 
Br W. H. STONE, M,J1. 



IT is hardly a matter of surprise that there should occur p 
odteal crises of public excitement on the subject of London 
fog. Indeed, it is strong evidence of the influence of familiarity 
in securing toleration that so little attention is usually paid to 
it. To foreigners the thing is mysterious, and almost awful. 
The plugue of Egyptian darkness, chronicled in Holy Writ as a 
direct interposition of Divine vengeance with the object of terri- 
fying a recreant tyrant into submission, is received with the 
hush of horror ; and yet the inhabitants of England's motro- 
xdis calmly endure an exactly similar infliction to that iviui.li.il 
n the book of Exodus, not only without terror, but almost 
without remark. It, is even similar in the fact of an extremely 
definite line of demarcation by which the darkness is occasionally 
bounded, and by the transparency of atmosphere, the persist- 
.ii'i. tjf daylight, which causes neighbouring spots to resemble 
the land of Goshen. 'No words,' says Mons. Tuine in his 
Xofrx ski- V Aittjfeierre, 'can describe the fog in winter. There 
are days when, while holding a man by the hand, you cannot 
eee his face.' He quotes, moreover, from a writer whom he 
terms 'the greatest contemporary English painter,' a descrip- 
tion so graphic and so scientifically accurate as to be worth 
reproducing : — 

' It was a foggy day in London, and the fog was heavy and 
dark. Animate London, with smarting eves and irritated 
lungs, was blinking, wheezing, and choking ; inanimate 
London was a sooty spectre, divided in purpose between being 
risible and invisible, and so being wholly neither. Gaslights 
flared in the shops with a haggard and unbleat air, as knowing 
themselves to be night-creatures that had no business abroad 
under the sun ; while the sun itself, when it was for a few 
minutes dimly indicated through circling eddies of fog, showed 
as if it hud gone out, and were collapsing flat and cold. Even 
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in tL= -iiTTjuzdiz* ccnnrry :r wis a ^ : ~7 ^J"- ^rat there the 
fog wa- 2rey. ■x'i-r'ra.'? iz. Lr.niir.n :r ttls. a: a coat the boandary 
line, dark y~'l:-v. azji a lir:le wriiz. :r. brown, and then 
brown-rr. nr.~il i* *Jie hear: of *ie city — which they call 
St. JIary Axe — :- t^ n.<y clack. Fr:m. any point of the 
high rid^re of land r^ri-Ford. :: mi^hr have been discerned 
that the lorries buILIir..2* nade an i:«c-a>i*:nal struggle to get 
their head.? above the f ^27 sea. and especially that the great 
dome of St. Pa:iT* i-eeEied to die hard : but this was not 
perceivable in the *tr«=*rts at their feet, where the whole 
metropolis was a heap of var«:ur charged with muffled sound 
of wheel* and enioL-iin:? a ^i^antio catarrh/* 

Scientific opinion, however, i* far from unanimous as to the 
exact nature of the phenomenon. A recent correspondent of 
the Tin »m new-pup*r. Dr. Alfred Carpenter, who led off the 
latest crisis alluded to above, boldly jumped at the conclusion 
that fog is simply powdered carbon diffused in the air, and 
issuing as such from non-smoke-<x>nsuming fire-places. This 
view 1% however, demonstrably erroneous. It is easy to pass a 
large quantity of very foggy atmosphere through a small fluid 
or cotton-wool filter by means of what is termed by chemists an 
* aspirator ;' weighing the intercepting material before and after 
experiment. The increase of weight will be found infinitesi- 
mal ly small ; the microscope, moreover, shows at those times 
hardly any increase, and in some cases a decrease in the quantity 
of finely divided carbon, which is always, to a certain extent, 
present in the air of large towns. It can be noticed by every 

1*rson that the days when those literal bite* noire* of the house- 
w\mr, * the blacks,' fall on papers, books, and furniture, are not 
fo|f|ry, but the reverse, being usually dry, bright, and windy. 
And yet common sense and experience indicate some form of 
connexion between coal, smoke, and fog, of the 'London par- 
ticular' varictv. Its practical limitation to our coal-burning 
friff.ro|jo]iH, and to some other large towns, such as York, where 
t ho same conditions prevail, is a strong argument in this direc- 
tion. The writer's personal observation supplies another fact of 
Urn same bearing. When he was a student in Paris in the year 
1 8/jf J, wood was st ill the fuel burnt in the close stoves of that city ; 
iiii'l the fogs which often delayed him on his journey to early 
morning visit ut 7 a.m. in the old Hotel Dieu, though dense, were 
almost white, and like country mist. Napoleon III. was, however, 
cnroii niging the use of coal, and hearths for burning it were 
rnpidly rcplucing tho old poMe, or the pair of dogs for supporting 
tin 1 burning log. Before his year of study ended, the character 
of the ft)g hud materially changed; no doubt owing to the 
altered fuel, and several well-marked specimens of the London 

• Dickens, Our Mutual Friend, Hi. 1. 



vtllnw variety came under his notice. Indeed, the surprised 
Parisians were energetically discussing the new invader H 
though it were Phylloxera, Aphis vastator, or the Colorado 
bug. 

The part which suspended carbon actually plays in coal- 
smoke seems to have been first correctly pointed out by the 
late Mr. C. Wye Williams in his Treatise on the Combustion of 
Out, 'an/ tiu PreemiioH of Smoke. A pretty experiment as to 
its great li^-ht -extinguishing power is quoted by the writer of 
an excellent article on this subject in a weekly contemporary, 
the Eiti/tHv: r, to which once for all the writer may acknowledge 
his indebtedness: — 

' The weight of carbon in a cubic foot of black smoke is not 
equal to that of a single grain. Of the extraordinary light- 
absorbing property and colouring effect produced by the in- 
appreciable myriads of atoms of Ibis finely- divided oarboa 
forming part of the cloud, some idea may be formed b\- arti- 
i\ing some of it, when in the deposited form of soot, 
with water, For this purpose collect it on u metallic plate held 
over a candle or gas-jet, and touching the flame. Let a single 
grain Weight of Qlia soot be gradually and intimately mixed on 
a palette, as a painter would with a palette-knife — first with a 
few drops of gum-water, enlarging the quantity till it becomes 
a spoonful. On this mixture being poured into a glass globe 
containing a gallon of water, the whole mass, on being stirred, 
will become opaque, and of the colour of ink. Whatever, then, 
be quantity or number of its atoms, we see from the 
cloud of incombustible matter with which this carbon is so inti- 
mately associated as smoke, that even attempting its separation 
' collection independently of its combustion borders on 

rditv,' 

But even if it were possible,' Bays the same authority, ' to 
totally prevent the evolution of carbon in a finely-divided state, 
we should have advanced but a short way on the path to be 
trodden. The carbon renders, it is true, a fog dirty and dark, 
but it i> not the carbon which is the principal cause of the sore 
: "iicliitis, and "colds in the head," which are beyond 
question brought on by the persistent inhalation of London fog. 
Chase are more than probably due to the presence in the fog of 
sulphurous iK-iil yas, carbonic acid, and carbonic oxide, the two 
bud fruitful causes uf violent headache. No matter how perfect 
the combustion of the coal might be, these gases would be as 
plentiful aa ever. To illustrate this truth, we may cite the 
Metropolitan Railway. The engines on it bum Welsh smoke- 
Lr-, enal, and the conditions of iromhtistion are made 08 perfect 
can make them ; but the tunnels are filled with an 



atmosphere charged with carbonic acid, carbonic oxide, and 



H 



**J 



-i>j.ir i.- i*: L . :-t :— ■ -~ ~:u.r !--iL: -•= in*ifn^d by smoke- 
irr-'Z".^ rr.~— t "_l > ~_i^ ^tv-." - ■:■: the discharge of 
:■;:■':. .1 n -■ T--: _■ - \i- r— r . ■_!•= :-.el : :"£:z.s would remain 
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^l.- "v-11 i«=vrl:r-€d in a lecture 

"■.'." i:i I' *»_i- .-.-■ i. ?-*-::-_- IrL-fr^i a: the meeting 

^L*r r r A: Liriom. He stated 
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:1.l" :?••:: :!i: -irr T i_~ • ~ ,: .z ~h = Sri "h-f .:,~ i:e of England was 
rj 7\ v..-" \i_lz zl*ii\~ r i'ir :lizu.Te*. iz.1 had. therefore, a 
ctvj. Tc : Tc ui. -:zjy — r --rj"— ■=-*. I~ L». n- i ~ - :^ resulted not alone 
rrv-.y this jause izi rrvzi "h»r "Thazi»f-?. ":c: rr*:ni the exhalations 
ot oivu syace*. -vh-ir-f -h-r rnz "uui ?~"% ir.:o the soil. The 
ear. /w :: „-•,— -;^."_>i ---■ i-: r-z "1-f r-.vv.'XX 1 tons of coals 
ar.v.uaL'.y us*v. -ji "h-: M:~r- ■"•_:* rr-:~rz:ei :he evaporation of 
iKircT. iiv.i oa^stv. :h:* ■.rnTj.rzi.r -£Z-=*JT3 :: London fog. There 
were also the eridr-i-. z- fr ci *Trsr:--iT^->^s. manure-heaps, 
ar.d the Vrvath :: tw/J.:- • is : :z.h /: ::az:s. >: suiting, it was com- 
puted. ::: nii:-;:cx:Z ;^z? . : suLrh-ri-: i*::l in every cubic yard 
of Lov.dor. air. tjll.-t z ixytrzzxz:* by Mr. Glaisher and 
others had proved :h-i: :ht f:^ ^"=r*? -.: usually of high alti- 
tude. a::d that the suz wv.s *i;r.: -•""■£■* shining on high towers 
when all Ivlow was env^^c. :- ziis:. 7-3 per cent of light 
was ihus intercepted. :o the jrrta: i^rriaient of animal and 
vegetable life, suvour.::::^. to scr.-.:= cxtczr, tor the comparative 
feebleness of London chiLdre::. By *vay of reducing the dele- 
terious influence*, open spaces sh.uld be well under-drained, 
and. if practicable, more *yaees or boulevards laid out to admit 
freer circulation of air. While stiioke from factories could be 
checked, even* private house was lu winter a manufactory of 
8iiiukc and s«x>t. The use of smokeless coal and of sinoke-eon- 
8iuning appliances would mitigate the e\*il : but it seemed to 
him that private houses miirht eventually be supplied with heat 
from some central source by means of electricity. 

The best contribution, however, that we possess to the natural 
history of Fog is hardly so well known to the general public as 
it should be. This is mainly due to the fact that it is short and 
unpretending, and also to its being enshrined, and, to a certain 
degree, concealed, in the Proccuiing* of the Royal Society. 
On October 29, 1878, Prof. Fraukland forwarded to his 
brother fellows a brief memoir occupying exactly three pages, 
but containing within this limited space very condensed and 
substantial matter. It is entitled, 'On I)ry Fog,' and 
begins by stating the well-known fact that the foggy atmo- 
sphere, especially near large towns, is not always saturated with 
f v or iiiNtance, on the 17th of that month, at 3.30 p.m., 
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j a thick fog, the degree of humidity was only SO per cent 
ot saturation. The same phenomena had been observed by Mr, 
Glaisher in his balloon ascents, the hygrometer parsing through 
cloud or fog often showing the air to possess considerable dry- 
ness. In an ascent from Wolverhampton in 1862, at a height 
of 9882 feet, in passing through a cloud so dense that the 
balloon eould not be seen from the car, the dry- bulb thermometer 
read 37°"8 !■'., and the wet-bulb 30°''2, indicating a dew-point 
17 "0 below the air temperature. On the dOth July of the 
same year, at an altitude of (S-KiC feet, while the balloon was 
passing between the Crystal Palaee and Oravosend through ' a 

r.' the dew-point was 13°"7 F. below the temperature 
of the air. A table of sixteen such observations is given, in 
which, taking 100 as saturation, the real condition rises only 
once to 87, sinks as low as 46, and averages between 50 and b'0, 
or rather more than half. It is thus evident, he observes, that 
air closely surrounding the spherules of water in a fog is some- 
times far from containing its full proportion of watery vapour ; 
' although, as is well known to persons occupied with gas-analy- 
sis, when a perfectly dry gas is admitted intoamoist eudiometer 
it very rapidly assumes the volume indicating saturation, not- 
withstanding that the proportion of water-surface to volume of 
gas is obviously far less than that afforded to the interstitial air 
of a fog.' 

One experiment was made to test the latter fact, and it was 
found that air dried over calcic chloride became completely 
saturated in less time than l m 50", when passed into a moist 
ghm lube, J inch in diameter. Dr. Frankland, in seeking for 
an explanation of the anomalous behaviour of the watery vapour 
in the two cases above, thought of some experiments made, 

. is ago, by Jlr. Spence of Manchester, showing that the 
evaporation of saline solutions, kept just below their boiling 
point in open pans, can be almost entirely prevented by covering 
the liquid with a thin stratum of coal-tar. Mr. Spenco in 
this way effected a considerable saving of fuel in that part of 
the process of manufacturing alum, in which burnt aluminous 
shale is digested for many hours with hot, diluted, sulphuric 
acid, by the lesser escape of steam from the surface of the hot 
liquid. 

He saw in this simple process a condition of things under 
which the so-called ' Dry Fog ' might be produced. ' From our 
manufactories and domestic fires,' he says, ' vast aggregate 

■ of coal-tar and paraffin oil are daily distilled into the 
atmosphere, and condensing upon, or attaching themselves to, 
the water* spherules of t'rjg or cloud, must of necessity coat the 
latter with an oily film, which would retard the evaporation of 
tin- water, nod the consequent saturation of the interstitial air.' 
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Any person who has used the ordinary paraffin lamp ■ 
goon oil, 1 or similar hydro-carbons aa lubricators for mi 
must h* well aware what a firm and coherent film thaj 
form on the surface of water, ajid even on polished metal, hi 
the latter case, their great preservative power against 
tarnish is no doubt mainly due to this propertj — a property 
which has of late been further utilized in surgery for the pro- 
tection from the air of raw wounded surfaces in man and animals. 

To test the exact amount, of the difference of era] 
two platinum dishes containing water, and presenting equal 
surfaces of liquid, were placed side by side in a : 
draught of air, the water in one being coated with a very thin 
film of coal-tar. It was found that during twenty-four hours 
the evaporation was reduced by the film of coal-tar by S-i'-l per 
cent in one case, and by 78"6 per cent in another. In order to 
imitate more nearly the action of actual smoke in foggy sir, the 
smoke from burning coal was then blown on the oar* 
face of the water in one of the platinum dishes, and thi 
evaporation was thus reduced by 77 , JJ per cent. In a large bell 
jar, the air of which waa kept dry by t large surface i 
trated sulphuric acid, the effect of a film hi coal-smoke varied) 
in -ix experimental from fjt)*(i to 92*7 per cent. 

All these concordant results are much too large to be inci- 
dental or erroneous, the only possible conclusion being thai the 
real though vague connexion between fog and the bnperfeoi 
combustion of bituminous coal, if not absolutely demonstrated, 
has I bus, to a great extent, been explained and accounted for. 
Dr. Frankland remarks incidentally that the presence of liquid 
hydro-carbons in a diffused condition would also tend to explain 
the frequency, persistency, and irritating character of the fogs 
which afflict our large towns, inasmuch as some of the products 
of destructive distillation of coals are very irritating to the 
respiratory organs. 

It, has long been well known to practical men that we burn 
our ordinary domestic coal to a terrific loss. It is still more 
disheartening to think thai we convert it into an interceptor of 
the light of heaven, and iulo ;i danger"!!* bronchial irritant. 
The worst of the outlook is that the evil seems to be ■ 
' The fogs of the earlier portion of the present year were not 
confined to London. Tlu-y formed belts which reai 
Paris in the south (o Liverpool in the north, 'I I 
English Channel was shrouded in them. River tn 
stopped repeatedly by them in Liverpool. But it is none the 
less true that what in the country was a cleat 
harmless white fog, was in London n dirty and noisome fogJ 

' paradox of uo small dimensi 
whichDi Siemens, more wo, has not hesitated to grapple honestly, 



t really seems as if we could burn our bituminous stores of fuel 

more economically, as we certainly can more pleasantly and 

healthily, by committing them to a preliminary sorting and 

on into coke and gas. It will surprise no one at the 

■ lay to be told that slow, imperfect, distillation in a 
small hearth ia less thorough going and perfect, and more liable 

. t ban that of a gas retort. It is like bartering rough 
gold-dust against food and clothing, instead of having it first 
packed in neat circular blocks of equal value guaranteed by a 
government department. But, unfortunately, the middle-man, 
in the two cases, differs materially; and until the- average 
Englishman possesses more power than he now has over the 
gigantic gas monopoly, he is not likely to re«p the benefits of 
the discovery. He has not as yet gained by the improved 
methods introduced of late years for equalizing the supplies of 
fresh meat in different parts of the world ; and if the butcher 
has been too strong for him in intercepting profits, how shall he 
struggle against the aet-of -parliament protected gas companies P 
As is usual in social questions of this order, the sufferer is 
himself most to blame. Coke is well known as a cheap fuel. It 
produces, when well managed, a brisk, cheerful, and singularly 
hot fire. But what householder of any experience has ever 
been able to secure its regular use in hi* domestic grate P Ser- 
vants steadily, perse veringly, and heroically, refuse to touch it. 
If a store is kept in the cellar it is allowed to run out unnoticed, 
or, still worse, is buried beneath fresh and costly importations of 
new coal. Few householders, moreover, are aware that that sin- 
gularly repulsive, dictatorial, and generally unmanageable func- 

■ !u- sweep curries away as refuse in bis bag what he gains 
far more by than he does by the money paid for the act of sweep- 
ing chimneys. Soot, which is only the difference between the 
waste coal and what has been converted into fog, is a valuable 
and most saleable commodity, which it is actually worth while 
to adulterate ! It is imitated by dyed sawdust, and commands, 
even when thus sop hist ica ted, an excellent price. 

Mr. W. D. Scott Moucrieff, in a short paper headed 
'Smokeless London,' which appeared recently in Nature, 
proposes a very practicable scheme in this direction. Tie takes 
advantage of the existing plant of the gas companies, who, 
instead of taking 10, 000 cubic feet of gas per ton from the 
coal, are to take b"333 feet, and to pass three times the quantity 
of coal through the retorts. They will thus have double the 
quantity of by-products in the shape of tar and ammoniacal 
liquids, the community will have 24-candle instead of 16-candle 
IB, the fuel resulting from the process will light, readily and 
"1 make a more cheerful tire, giving out 20 per oent more 
'. than common coal without any smoke. lie works out 
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the propo§ition in some valuable statistics too long for quota- 
tion, showing that the yearly value of London smoke, now lost, 
amounts to 2,125,000/. 

Another important point to which attention has recently been 
drawn is the very partial and local character of a fog. ! ' 
by the Great Northern Railway, for instance, can easilv observe ib 
great prevalence in the valley below the ridge of clay hills termed 
the ' Hog's Back,' which form the northern wall of tin? basin oj 
the Thames. On arriving at Finsbury Park, the line of demar- 
cation is often distinct and wall-like. Here, no doubt, (he geo- 
graphical position, and the impervious nature of th< 
will account for the peculiarity. A similar case was noticed b* 
Mr. While, the Secretary of the Royal Institute of Architects, 
on tho 7th of December, in a letter addressed to the Times. He 
inquires whether the parks may not, in some degree, be respon- 
sible for the fogs which periodically obscure parts of London. 
The fog of December 2nd last is known to have prevailed prin- 
cipally in the northern, north-western, and western districts ; at 
the termini of the North- Western and Midland Railways great 
inconvenience was felt. Now, on the afternoon of that day, (it 
about half- past four, Mr.White passed through theRegent'sl ark, 
and there observed over a vast space, the circumference of which 
is three miies, a dense mass of bluish vapour rising, apparently, 
from the grass. In the midst of this vapour a feelini; 
cold was experienced, with a tendency to cough, while his beard 
and moustache were covered with globules of water. Objects 
at a few yards' distance could not be distinguished ; both in the 
Euston Road and ut Gloucester Gate the enclosure- walls of dif- 
ferent houses streamed with moisture. At a later hour, ut 11.30 
p.m., he was in Portland Place, where foot-passengers clung to 
the area railing as the only means available for direr 1 i 
steps. Arrived, however, at Oxford Circus, the fog was less dense; 
at the eastern end of Oxford Street comparatively little existed. 
He traversed the slums of Soho, Covent Garden, and the Strand, 
without any difficulty, and the City was free from fog. ' I beg,' 
he savs, ' scientific men who are interested in this matter to ristl 
the Regent's Park any day this winter between 4 and 5 p.m. 
I have Keen told that the drainage there is of an obsolete dm* 
and from my experience of this and last year, when 
London has been visited with fog, the cloud has seemed to me 
in be thicker in Portland Place than in Oxford Street, or even in 
tin..- Strand' 

The publication of the above letter gave rise to a lively 
adenee, two independent correspondents confirming 
Mr. White's facts; and a third, Dr. G. V. Pooro, adding th< 
following comment ; — 

'If your correspondents will refer tu Jordan's Geologic* 



Map of London, published by Stanford, they will find that 
Park and Holland Park — two fog- haunted districts — 
arc both upon the clay. The Holland Park district, is indicated 
in this map by a tongue- shaped piece of clay wedged in between 
jravel to the east, and brick-earth to the west ; and it is pro- 
udly owing to this fact that fog is " more dense in the imme- 
diate neighbourhood of Holland Park than in the streets of 
either Kensington or Hammersmith," which are both upon the 
gravel.' 

On the 10th of the same month an interesting letter appeared 
from Paris, strongly corroborative of the writer's views as given 
in a previous page : — 

"The present agitation,' says Mr. Sandeman, 'concerning 
^s which is engaging bo much attention in London may now be 
studied here with much greater advantage. The fuel consumed 
b undergone a remarkable change within the lost ton yenrs, 
and each individual can appreciate the change which has taken 
place in the frequency and density of our fogs, entirely attribut- 
able to the enormous increase in the consumption of coal. Ten 
years ago it was about 150,000 tons per annum as compared with 
700,000 hurt year. Coal is rapidly replacing wood, and must 
continue to do so, on account of the much greater and yearly 
increasing cost of the latter. Paris has to-day been visited by 
a fog which would not lose much by comparison with one of our 
own London ones; and the well-known electric lights of ihe 
Avenue de l'Opera were unable to penetrate it much better than 
their yellow gas confrbm of the Hue de Hivoli. For Paris there 
is yet a chance, as all recognise the immense advantage of 
anthracite and other smokeless coals ; and, fortunately, the pre- 
sent generation can remember when this state of things was 
wholly unknown. In London we have been brought up to look 
upon it as an inevitable accessory of the winter months, but here 
there is a much more favourable opportunity for experiment and 
proof.' 

Mr. Edwin Chadwick, at a recent meeting of the Society of 
Arts, contributed an essential factor to Ihe discussion by noticing 
the effect of drainage in relieving a district of fogs ; instancing 
Richmond Park, which was once the site of heavy fogs and 
mists not contaminated by the 'blacks' of Loudon, but which 
are now comparatively free from them. Mr. G. J. Symons, at 
the same meeting, made some good practical observations, 
agreeing that fogs are due to a wet soil, and that they hud been 
exceptionally intense of late years, because the years had been 
beyond the average wet ; but he denied that they were on the 
incrca.se, or any worse than those of years ago. Low tempera- 
ture with high barometric pressure of the nature of an anti- 
cyclone he held to be, with a cold soil, the meteorological coti- 
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7V</"\ thai tlie electric light hardly penetrated further than the 
ordinary gas flume : an observation which can be easily sub- 
stantiated on any foggy night from the parapet of Westminster 
Bridge. The gas flame is notoriously rich in yellow vibra- 
tions; whereas those that give to the electric arc its dazzling 
and somewhat ghastly brilliancy belong to the violet, and 
even the ultra-violet end of the spectrum. Such vibrations 
would be entirely cancelled by an absorbent medium of mouo- 
ebromatic vapour, whose wave-length lay in the neighbourhood 
of the II. Sodium tines, It would be an interesting and com- 

Slemcnlary experiment to determine whether a strong Sodium 
anie would prove to be exceptionally transmissible through fog: 
certainly the red and flaring 'links,' made of rope-yarn, plen- 
tifully served with pitch, which used to be brought out on such 
occasions, and which were in the last century carried by foot- 
■ '1 private carriages, seem to point in this direction. 
The causes, then, of tog, may be fairly divided into those 
which are climatic, and others which are due to tho use of 
mineral coal. Besides these two, locality and geological struc- 
ture must not be overlooked. It is not only unnecessary, but 
:llc, to refer points needing investigation of thu cha- 
1 -.ome magitetieal changes," the nature of which is not 
apparent. Tin's absurd proposition was actually sustained by 
I>r. Carpenter at the Society of Arts, and fairly deserve* the 
comment of a scientific contemporary, 'We fancy that Dr. 
Oaipa&ter has written without taking time to think, for it is 
certain that his letter contains some fallacious reasoning based 
on a want of knowledge of the facta.' 

Very different as specimens of patient induction, free from 
hasty tumping at irrelevant conclusions, are the views of Dr. 
Fnmkland given above : probably they approach more nearly 
'a a scientific solution of the enigma than any others. 

But when the question of practically remedying an acknow- 
Iged evil is raised, the matter becomes more complicated and 
fficult : indeed, different minds seem to have approached the 
': by various avenues of thought. Captain Gallon, in his 
lays especial stress on the climatic and geological 
meut 

' The London basin,' he says, ' may be described generally 

* formed of clay, which retains tho moisture from rainfall ; 

sits of gravel rest in many places in the clay. These 

■ ■tmt usually of great depth. The river Thames runs 

rough the centre of London. The surface of the metropolitan 

i when built over, is generally well drained, and all moia- 

? which falls is rapidly removed ; but there are numerous 

tt Hot built over, whore the rain sinks into the soil, as, for 

mce, the parks, squares, gardens, &c, and there are also 
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bodies of water in London which contribute moisture. These 
may bo noticed aa constituting ■ I" 1 ' 11 ! oanae of fog. Indepen- 
dently of the local cause of fog, which, no doubt, may always 
bo mitigated to some degree, there remains the permanent cause, 
which arises from the geographical position of England — n com- 
paratively small island surrounded by the sen— and that is 11 
cause over which we can have no control.' Wnersaa motnV 
authority's confession of faith 'consists in stating that London 
fogs are due to London smoke — are, in fact, frequently made 
up of smoke, and nothing else ; and that if we could get rid of 
smoke we should probably be rid of fogs at the same time.' 

Probably the truth lies somewhere between those two 
extremes ; the correlative remedies being better drainage, and 
more perfect and economical combustion of our bituminous fuel. 
The former reform must be left in great measure to public 
bodies — such as the Metropolitan Board of Works. The lutti t 
is to a great extent in our own hands, and will amply repay 
closer attention than it now obtains. The mere use of coke 
instead of coal for domestic fires, if sedulously and perseveringly 
insisted on in opposition to the prejudice and obstinacy of ser- 
vants, will achieve much. In time Dr. Siemens' s apparent para- 
dox that it is better and more economical to divide our raw coal 
preliminarily into two manufactured products, gas and coke, 
before rccombining them in a properly constructed hearth, may 
prove a truth of practical application, and may be made bo UK 
for use many costly by-products now lost and allowed to do 
injury. Captain Gallon makes a good suggestion,— 

' Open spaces should be created. Of course, if we could cut 
London in two from north to south by a broad open space, as 
it is cut in two from east to west by its river, it would do 
something to break up the cloud of smoke. In the year 1852 
Sir Joseph Paxton proposed to carry a broad boulevard round 
London. It was a very feasible scheme in those days ; it is a 
pity il was not carried into effect. Open spaces carefully under- 
drained, and so situated as to favour the circulation of air 
through the centre of London, would form a most important 
feature in promoting the health of London, if such things were 
jxissihkv 

It remains to he seen how far his proposed object will be 
furthered by the great arterial streets from Holborn to the 
Strand now in contemplation. 

As regards the decarbonization of domestic smoke the ques- 
tion is more arduous. In our household fire-places flu 
ture is never very intense, the supply of air ample ; the smoke 
is evolved only because the temperature is not high enough tu 
cause ignition and combustion of the gas and suspended car- 
bon. It is not practicable in any open fire to get a sufficiently 
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high temperature to secure the required end. Automatic) or 
closed stoves of all kinds seem out of the question, and, indeed, 
make us much smoke as an open grate ; only it is not seen till 
it escapes at the chimney-top. 

Another, and far more hopeful scheme, is advocated by a 
■writer in the Engineer, a class paper already referred to, and 
which is specially qualified to speak on such a subject. It has the 
advantage that it ' would leave us our open fires and our coal 
jnal u they arc. It consists in depriving the smoke of its sus- 

rded carbon. To a large extent this is done for lis already 
our chimneys. The sweep every year takes away enough 
soot to render tondon fogs— were it found in them — ten times 
move than they are. There is every reason to believe that the 
partial or total cleaning of household smoke is not at all beyond 
the reach of the inventor who will approach the subject with 
an intelligent perception of facts. Why is it that much of the 
soot is now deposited in our chimneyB P The answer is that 
the particles come in contact with the sides, lose their velocity, 
and fall, or adhere to the bricks. It is well known that 
wherever an eddy can be formed in a chimney there will soot 
be tfapOBited in quantity. Soot is delivered from the top of a 
chimney solely because the particles are very small, so small 
that their superficies is enormous as compared with their 
solidity. Consequently they are when set afloat in a current of 
air easily borne up and carried to the top of the chimney. 
Once there the current is gone, and they fall bv their own 
gravity as a shower of " blacks." Now, if the velocity is once 
taken out of them and they are not permitted to be caught up 
by a current again, we are done with them as far as smoke is 
concerned. To get rid of them we must do just what is done 
in getting moisture out of steam — -permit the current, to strike 
a series of flat surfaces from which it is deflected. These sur- 
faces, so to speak, " knock " the water out of steam. The prin- 
ciple has been very elegantly employed in a gas purifier which 
we illustrated in our puges not long since. Ihe object in view 
is to get Hd of carbon in suspension in the gas.' That such a 
plan could be rendered efficient ' is certain, but that trouble and 
expense would be incurred must not be denied. Its great claim 
to popular support would consist in the fact that its adoption 
would interfere with no popular prejudice in favour of open 
fires and their existing management.' 



SOME FACTS ABOUT FISHES, 

IIV THE EDITOR 



RECENT researches, and especially (hose explorations 
deep sea which hnve been systematically carried on of lata 
yeiii-i*, hiU'c brought to light numerous interesting facts in rela- 
tion to fishes. Some phenomena previously altogether unsus- 
pected have come to our knowledge, whilst others have been 
shown to be of fur more general occurrence than has hitherto 
been supposed. In the present article we propose to call 
attention to one or two prominent points brought out by lato 
investigations. 

Anything like o fine metamorphosis Is of very rare occurrence 
among fishes, Indeed, the only change which ean, to a certain 
extent, be compured with the metamorphosis of the Batraohia, is 
presented by the Lampreys ; and even in them the change from 
what we must call the larval condition to that of the adult Es 
by no means so great as that from the tadpole to the perfect 
frog or newt. The lampreys, as most people ore aware, are 
eel-shaped, scaleless fishes of very low organization, destitute of 
paired (ins, having on the head a pan- of eyes and a single 
nasal aperture, and on each side behind tho head seven aper- 
tuirs belonging to an equal number of branchial sacs. The 
month, which is situated quite at the anterior end of the 
animal, is formed by a shallow, circular cavity, at the 
bottom of which the actual opening is situated, having 
a peculiar horny tooth above and another below it, ami a similar 
armature upon the tongue, which occupies the aperture. Besides 
these the inner surface of the runnel-abaped cavity has nu- 
eeth, which are really the horny coverings of to 
nail j ■: j | til I i i ; ;Kjil thi se are of use to the animala n ben 
attaching themselves by motion to other objects. In fact, they 
adhere by their moutha to the stones at the bottom of the 
streams which they frequent, and thus, without much bodily 
exertion, action of the current (from this t - * 
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■fin generic name nf the Lampreys, Petromyzon, or Stone-sucker, 
I- ill rived) ; but they also avail themselves of their [imviv of 
adhesion for a less peaceful purpose, attaching themselves in 
this way to the bodies of other fishes, whose flesh they then 
consume by means of their larger teeth attached to the jaws and 
tongue. In this perfect condition, so far as their habits are 
known, the Lampreys must be regarded us decidedly predatory 
fishes. 

The streams inhabited by Lampreys are found to harbour 
another fish of very similar form, which, from its habit of con- 
cealing itself in the sand of the bottom, has long been known as 
the Sand-pride (Pride being a local name for the small river 
lamprey), and, under the generic name of Ammoc<dcn, regarded 
as a distinct form of the Lamprey family. In general forni it 
is like a lamprey ; it is equally destitute of paired fins, and has 
also seven branchial apertures on each side near the head ; but 
the ' yes are exceedingly small, deeply seated, and concealed 
beneath the skin, anil the mouth, instead of constituting a cir- 
cular suctorial organ, is a horseshoe -shaped cavity, surrounded 
in front by a sort of membrane, and furnished internally with 
numerous slender papilla?, but destitute of horny teeth, and quito 
unfitted fur attaching iIm-H' liv suction to any object. The food 
of (lit.- Sand-pride appears to consist of minute aquatic organisms, 
obtained from the sand or mud in which it lives. 

The researches of Dr. August Miiller first revealed the exist- 
ence of a more intimate relation between the Ai/tmocates and 
the Lampreys, than that implied in their belonging to the same 
family, and to nearly allied genera. By observing the small river 
lampreys in the act of spawning and securing the spawn, that 
naturalist was enabled to watch the development of the embryos 
in the eggs, and was rather surprised to find that the voung fish 
produced, after growing for a snort time, presented all the cha- 
racters of the Sand- pride or Ammocates. Subsequently he ob- 
served the transformation of the Ammocietei into the Lampreys ; 
but the most remarkable point about this metamorphosis is that 
it is comparatively sudden : it is not until tho fourth year of its 
existence that the fish passes from the larval to the adult con- 
dition, and tho metamorphosis is effected by a series of changes 
taking place rather rapidly, thus reminding us somewhat of 
what occurs in insects, rather than of the gradual modification 
of the Batrachian larvce. From the occurrence of Ammocirtcs 
in the fresh waters of various parts of the world where river 

E u "'"reys have been met with, it would appear that this me- 
rphosis may be regarded as general throughout tho Lara- 
family, although as yet nothing seems to be known of the 
formations (if any) undergone by the Marine Lampreys. 
i minor change, also partially analogous to what occurs 
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the Batrachu, is to be found in the presence of external 
branchial organs in the embryos of Sharks and Rays, and in the 
young of certain Ganoid fishes, especially of Protopterut, the 
African Mudfish. These branchiae, as in the Tadpoles of nogs 
and newts, disappear in the further development of t j 
the last named of which, in many respects, seems to lead from 
tlie true fishes towards the Batrachians. 

But although we cannot say that an actual metamorphosis 
occurs in any other fishes, it has long been known that changes do 
take place in some of them, and that in many cases the young fishes 
differ very considerably from the adults. It is only of late jwrs, 
however, that any conception has been arrived at of the extent 
to which these changes may attain ; and it is mainly to Dr. 
Giinther, the keeper of the Zoological Department in the 
British Museum, and to Dr. Liitken of Copenhagen, that we 
are indebted for the knowledge of the changes of form occurring 
in fishes that we now possess; the former gentleman having 
descrilied numerous instances in various memoirs published 
during the last twelve years; and the latter being the author of 
several scattered papers on the subject, and quite recently of a 
valuable memoir on the changes observable in fishes of the 
Atlantic,* in which he has summed up and illustrated many of 
his own and Dr. Giinther' s results. Dr. Liitken proposes to deno- 
minate these changes of form' hem i metamorphoses. Dr. Giinther 
has also devoted a chapter in his recently published and admir- 
able Introduction to the S/i«/>/ of Fishes to a general consideration 
of these phenomena. 

Without figures, both of the different young forms and of 
the adult fishes, it is of course, in many cases, impossible to 
convey an intelligible idea of the changes which have been 
brought to light by the investigations above referred to, but we 
will endeavour to describe two or three of them so as to enable 
the reader to see the bearing and importance of such results as 
have been, or may be, obtained in tin's field of research. 

The occurrence of important changes in the so-called ' Flat 
fishes ' (Pleiti-oncctoit/t't) has long been known, but as they are 
very curious we may devote a few words to them here. These 
fishes, of which the turbot, the plaice, and the sole, are well- 
known examples, always have the body broad and much com- 
pressed from side to aide; they live upon the bottom, where 
they are in the habit of lying quietly, and the two sides of the 
body are differently coloured,- — that which is kept habitually 
downwards and applied to the g-round in repose being of a white 

* 'Spoiia Atlnntica,' in Kongl. Zlamhe Vitietuk, Scltkul-s fflrgfton 
5th ecru*. 1880, This .Memoir is in Danish, but the author has appended 
to it a rttumi in French, a translation of which will appear in the AmnJs 
and Magazine uf S'atural Bulofjf. 
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■ pale colour, while the opposite surface, which is turned 
njnrmds, is of a darker tint, and apparently coloured to secure 
concealment by its resemblance to the surrounding sand, &c. 
In many fishes — perhaps in moat — we may remark a similar 
difference between the coloration of the upper and lower sur- 
faces; but in these it is the back and the belly that afford the 
contrast, whereas in the Flat-fishes the two sides of the body 
are thus differently coloured, and the animals swim and lie 
upon the bottom in a position at right angles to that taken by 
all other fishes. The long tins which fringe the two edges of 
the body of a sole or turbot, are really the dorsal and anal tins. 
In order to fit the Pleuronectid fishes for this peculiar con* 
dition of life the two eyes are both placed upon the same side of 
the head, the coloured or upper side, where alone under ordinary 
circumstances they could be of any use to the animal ; and this 
U associated with a curious contortion of the bones of the skull, 
and a twisting of the mouth of the fish, such as often gives it a 
very singular aspect. When very young, however, the Flat- 
fishes do not present any such peculiarities: they are perfectly 
symmetrical, transparent little creatures, having one eye on 
each side of the head like other fishes, and they swim in a ver- 
tical position, like any other dcop-liodied member of iheir class. 
The change from the symmetrical condition of the head in the 
young fish to the distorted form which it presents in the adult, 
takes place at a very early period, but how this wonderful con- 

Krsion is effected does not seem as yet to be quite satisfactorily 
ide out. 
' Whilst, some naturalists,' says Dr. Giinther, 'believe that 
e eye turning round its axis pushes its way through the 
yielding bones from the blind to the upper side, others hold 
that, as soon as the body of the fish commences to rest on one 
side only, the eye of that side, in its tendency to turn towards 
the light, carries the surrounding parts of the head with it; in 
fact, the whole of the fore-part of tho head is twisted towards 
the coloured side, which is a process of but little difficulty as 
long as the framework of the head is still cartilaginous.' * 

A priori, the second explanation seems to be by far the more 
probable one, and we must confess that we thought it had been 
finally established by Dr. Traquair in his valuable memoir 
published by the Linncan Society, t 

This change in the Pleuronectid^, from its nature, the 
importance of the organs affected by it, and its singularly 
' normal results, may perhaps be regarded as an extreme in- 
nce nf • heriiinietiiiinn-pliosis ;' luit from the very curly period 
' life of the fish at which it occurs, and its uniformity 
* Intrwheti-m to (he Study of FSshei, p. 553. 
t Linnean Trmuaetiotu, vol. xxr. p. W3. 
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throughout a con si de ruble group of fishes, to which il is I i n . i * ■ ■:. 
it does not affect iebthyological researches in the BUD 
certain less profound alterations occurring in "tin ) 
fishes. It is for the knowledge of these thai we jiv mora 
especially indebted to the investigations of Dr. Gunther and 
Dr. Lntlcen. One of the commonest peculiarities of young 
fishes is the presence on the margins of the opercular I 
especially of the pnei iperculum, of numerous denliculahons, 
which are gradually effaced by the growth of the bone, and are 
altogether wanting in the adult. In other eases certain bones 
belonging or in immediate contiguity to the head, such as the 
pricoperculum, supra-seaptdu, and humerus, become enormously 
developed, forming large plates, which regularly cuirass the 
front half of the fish or ihe greater part ot it, and from than 
and other bones of the brad formidable spines or othc 
may be developed. Dr. Gitnthcr figures a young PotnacantJlUt, 
in which the supra -scapular and prsBapercuIar plates are BOIH 
produced into immense spines, the former concealing the fore- 
part of the dorsal tin, and the latter entirely hiding (lie rentrala 
In this well-armed infant the frontal bone is produced DV6T e*Cfl 
eye into a long, pointed, lancet-shaped spine; and altogether, 
small as it is, ibis young tisli would probably be a very uncom- 
fortable morsel to swallow. In another similar form the frontal 
spines, instead of being straight and pointed, represent long, 
curved horns. These euirussed young fish were formed into a 
distinct genus, named ThoHchlhys (in allusion probably to the 
dome-like bony front of the species first described) ; they are 
now recognized as constituting a stage in the development of 
certain fishes belonging especially to the Chatodons and the 
allied groups Carangidsa and OyttadsB, 

In many different forms strong spines are developed from 
various bones of the headend operculum, without e 
dilatation of these into bony plates, as in the Tholichthyt ; and. 
no doubt, in these cases also the protection of the young animals 
from the assaults of their enemies, is the office of 
parativcly formidable armatures. Such opercular and cephalic 
spines arc characteristic of the young owordfishee, in which 
they spring from the parietal and pneoperculum, and attain 
formidable dimensions ; and in these and othi 
spines are greatly developed, they must, doubtless, bo partially 
got rid of by absorption, or thrown off as the fish advances 
towards maturity. The development of the Swordh'she* is 
particularly instructive, and we shall therefore endeavour to 
describe the stages through which they pass. 

The SwuriHisliL'S, the largest forms of the ordinary bony 
fishes (Trkimta), sometimes attaining a length of twelve at 
fifteen feet, constitute a family not far removed from the 
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mlinil;o, represented by the Mackerels and Tunnies, of which, 
the latter also attain a large size. They have a robust, spindle- 
shaped body, tapering gradually towards the tail, which is an 
exceedingly powerful organ, enabling these fish to travel through 
; with great rapidity. The two principal genera are 
Xiphiat and JTtitiophorus ; the former, characterized, inter 'tlin, 
by the total absence of the ventral tins, including (he Swordfish 
so common in the Mediterranean (Xip/iini (flmliun). which also 
occurs in more northern seas, and is occasionally taken off (he 
British coasts ; the latter, in which the ventrals are represented 
by a pair of long, pointed, styliibrm appendages, being confined 
to the tropical and subtropical parts of the two great oceans. 
In bolh genera nearly the whole length of the back is occupied 
by a very high dorsal fin (especially elevated in IHstiophorun), 
t which is usually more or less worn away in old specimens ; 
i in both the upper jaw terminates in a long bony spike, the 
.lied sword, formed by the mamillaries, pncniaxillaries, and 
jr, and projecting far beyond the anterior extremity of the 
r jaw. This sword, which in large specimens may attain 
a length of two or three feet, with a diameter of two or three 
inches towards its base, constitutes a most formidable weapon, 
with which the swordfish is said to attack whales and wound 
. severely, for what purpose is not known. Sometimes, 
i a gallantry like that exhibited by Don Quixote in his 
lebrated attack on the windmills, and probably urged by a 
mewhat similar mistaken impulse, the swordfish will assault 
ssing ship or boat, and the power of the fish in the water 
* (to enormous that it. will drive its weapon a long way through 
;ven a thick plank. Such exploits, however, are performed at 
the cost of the weapon, for the unfortunate swordfish, being 
unable to withdraw its beak, its struggles to get free, aided 
probably by the motion of the vessel through the water, generally 
break the bone short off. The jaws are toothless. 

The characters presented by the young swordfish for some 
time after their exclusion from the egg are exceedingly different 
l those above described. In general, the changes undergone 
• to be very similar in the two principal genera already 
>ned ; but as the series of forms described is more complete 
, e*M of EU&iophonu, we may take this as our example. 
The earliest phase known in the development of Wstiophorus 
"escribed and figured by Dr. Liitken, and is certainly as un- 
■ its parents as any young creature would wish to be. The 
i measured only about one-fifth of an inch in length, 
! was probably not long out of the egg when it was captured, 
consigned to the spirit-bottle. The body terminates in 
head much larger in proportion than in the adult 
■ordfiahes, and topers off behind the head to a comparatively 
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slender tail, marked on each side with a small ridge (a cl 
which also occurs in the adults,, and furnished with ■ n 
entire fin. On each side of the head is a large, round eye, and 
in front of this the forehead of ihe little fish descends rapidly to 
the base of a slightly projecting beak, which, however, is not so 
long as the diameter of the eve. The beak includes both jaws, 
and the upper jaw is very little longer than the lower one ; the 
jaws open quite hack under the eyes, and both of them are 
armed with comparatively strong teeth, those at the apex of the 
jaws being stronger than the rest, and curved. The spine 
springing from the pra?oj>erculum is much longer than the short 
round pectoral tin, and the edges of this and of the parietal 
spine are finely serrated. Small spines occur both above and 
below the prteoperoular spine, and over each eye there 
supra-orbital spine, which, however, disappears very early. Be- 
sides the pectoral tins, which show indications of rays, and the 
caudal already mentioned, there are rudimentary dorsal and 
anal (ins, consisting simply of membrane, with no trace of rays. 
It will be easily seen that such a little creature as thia 
has scarcely any resemblance to the adult swordfish ; and, indeed. 
Dr. Liitken says that but for the previous knowledge 
of the developmental stages of these fishes, his youniMtt 
forms would rather have been referred to some fish allied 
to the Flying Gurnards (Dactyfoptetiis). This yoongut rilge 
is made known by one of a series of small fishes advancing 
from rather more than one-fifth of an inch to rather less than 
half au inch long; and the whole of these, Dr. Lutkan says, 
differ very little from each other, the principal ditT. i 
parently being that the younger the fish, the shorter and 
broader is its little beak. Nevertheless, the largest of Dr. 
Lut ken's earliest series exceeds in length the specimen on which 
Dr. Giinthcr's first stage was founded, as this was only 9 milli- 
metres (rather more than one-third of an inch) long, although 
it already shows signs of a more advanced development. The 
general form of the fish more nearly resembles that of the adult, 
although the head and eyes are still of rather disproportionate 
size; the forehead still falls abruptly in front of the eye; but 
the beak is comparatively longer, although the jaws an .-till 
nearly of equal length, and armed througlumt with teeth. The 
spine above the eye, and the small spines on each side of the 
pncopereular spine have apparently vanished ; the pncopereular 
spine itself is comparatively longer than in Dr. Liitken' e earliest 
form ; the dorsal and anal fins form low but distinct fringe*, quite 
. ■ urn i )k> caudal, which is already rayed and forked; ani" 
beneath the pectorals small rudiments of the ventral fins hnv 
made their appearance. In a second stage, a fish, but li 
than half au inch in length, is described and figured by Dr. 
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ther as having the head more nearly in proportion to the body, 
although the eye is still large and the forehead steep, but less so 
than in that just noticed; the beuk is still formed of the two 
jaWB, folly armed with teeth, but the upper jaw slightly exceeds 
the lower one; the dorsal tin has become much more elevated, 
and, with the anal fin, is already furnished with rays ; and the 
rantnlfl have become developed into lung styliform appendages. 
A third specimen, about 24 inches (b'O milliiu.j long, lias already 
acquired nearly the form and proportions of the adult ; the 
upper jaw is considerably produced beyond the apes of the 
lower one, and both jaws have lost their armature of teeth ; the 
parietal spine has vanished, and the pneopercular one is com- 
paratively small, while the fins have attained pretty nearly 
the proportions which they have in the full-grown fish. The 
little animal is, in fact, an unmistakable Swordtish, and only re- 
quires a little further elongation of the beak formed by the 
upper jaw to be a close likeness of its parents. 

The Garfish, formiug the family Seomberesocidu?, and one 
species of which, the common Garfish or Greenbone {Bflone 
vulgaris), may not unfrecjuently be seen in the fishmongers' 
shops, present phenomena of development to some extent analo- 
gous to those observed in the Swordtishes. The adult h'sh has both 
taws most curiously prolonged into slender-pointed beaks, of which, 
lowever, the lower one is the longest; but in the very young 
fish, although the form and general character are very similar 
to those of the adult, there is not a trace of this singular pro- 
longation. It soon begins to make its appearance, however, and 
the length of the jaws gradually increases until the mature form 
is attained. In the course of this development, the dispropor- 
tion between the two jaws is for a time very considerable, espe- 
cially in the common Garfish, which at one period seems to 
reverse the characters of the Swordiish, having the lower jaw 
produced into a long slender beak, while the upper one is not 
remarkably elongated. 

The development of some fishes of the genus Hohci'iihiim, a 
somewhat perch-like group inhabiting tropical seas, presents a 
OOnteal 'o that of the Swordfishes in another way, — the young 
fishes are furnished not only with opercular and cephalic spines, 
which afterwards disappear more or less, but also with a pro- 
■ ■: ik from the upper jaw, which is often serrated, and 
sometimes forked at the apex, but which always vanishes as the 
fish approaches maturity. These voung forms of Jlotoceiitnim, 
and of the allied genus MyriprUtu, have been described as form- 
ing distinct genera under the very appropriate names of 
"thywliiehthyti, Rhitwbcrj/.r, and Rhamphoberyx. 

It would carry us too far to attempt to indicate anything 

l the whole of the phenomena presented by fishes in their 
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development. We find in some special developments of the 
fins, or of parts of thorn, as in the case of the pectoral- of the 
Flying Gurnards (Daett/hpterua), mid the separate filaments of 
the ventriils in the true Gurnards (Trigta); or certain of the 
fins undergo a change of position mid function, as in the BO-oalled 
I'edieulati, of which the Fishing-frog or Sea Devil (Lophiun, 
ptacaiotiue) may be taken as an example, in which, bj 
gation of the carpal hones into a sort of arm, the pectoral 
fins, originally widely expanded, lateral organs, are converted 
into something very like feet, upon which the tithes rest and 
move about at the sea-bottom. The young Fishing-frog, in 
fact, although presenting a considerable family likeness to its 
parents, differs from them in some respects very remarkably. 
especially in the great development of the pectoral and ventral 
fins, in the curiously -branched structure of the free dorsal spines 
behind the filament which bears the so-called ' bait ' immediately 
over the mouth, and the great elongation of the fin 
general, which are for the most part produced into long filrtnienls. 
Similar filamentious prolongatons of some of the fin-rays occur 
in many other young fishes, and most strikingly in some of 
those curious inhabitants of deep water, the Ribbon fishes, the 
young of which are frequently captured at the surface, although 
the adults have never been met with there, except in a dead or 
dying condition. The young of Trachypients, a genus of Ribbon 
fishes, examples of one species of which (the Deal-fish, Tra- 
chiipleyim arthnis) are generally thrown upon the northern 
coasts of Britain after the equinoctial gales, exhibits this pro- 
longation of the fin-rays in a most striking maimer. The adult 
fish, which may attain a length of six feet, and which has a 
body shaped like a thin, broad, tapering blade, has a dorsal fin 
extending the whole length of its back, but with the 
portion, situated above the head, separated from the rest of tin 
fin, above which it rises to a considerable height, being supported 
upon very long flexible spines. The pectoral fins are small ; 
the ventrals, situated beneath them, long, and supported by few 
rays ; whilst the tail terminates in an obtuse tip, from the dorsal 
surface of which the caudal fin rises, nearly at right angles 
to the long axis of the body. In the young TtvcAyptenu, 
which is also a thin, flat-Bided fish, having a dorsal fin running 
the whole length of its back, the caudal fin, which is consider 
ably larger in proportion than in the adult, is set on the tail ir 
the usual way; the rays in the front portion of tin o<<> -.il, 
above the head, are enormously prolonged, forming free fila- 
ments, extending to three or four times the length of the body 
of the fish, and having; in their course numerous lappel lib 
dilatations; the rays of the ventral fins are aU 
produced. 
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Of course we have been unable to give more than a general 
indication of the nature of these remarkable external changes 
in this very rapid and imperfect sketch. But we must notice 
that in many cases changes occur in internal structure of 

uite as great importance as those to which we have alluded. 

mong other things, the dentition frequently undergoes most 
remarkable alterations, and this is a matter of great con- 
sequence in relation to systematic ichthyology, and especially 
to the interpretation of the fossil remains of fishes. In 
fact, we may say broadly that a great proportion of young 
fishes differ from their parents by characters which would 
be regarded as sufficient for the establishment of new genera 
and species, if occurring in adult fishes ; and hence it will 
be easily understood that, with the fragmentary acquaintance 
that we necessarily possess of the fish fauna of the high seas, 
and even of the shores of tropical countries, great numbers 
of young forms have already oeen described as independent 
genera and species. The two distinguished ichthyologists 
whose names were mentioned at the beginning of this article, 
and from whose writings most of its materials have been 
derived, have already indicated a great number of important 
systematic changes of this kind, which must be made in conse- 
quence of the recognition of the facts here briefly and im- 
perfectly described. But a study of these works shows that 
while considerable progress has been made, much more still 
remains to be done. The changes referred to appear to be 
most strongly marked in pelagic and deep-sea fishes, which are 
not only difficult to get, but naturally so widely distributed, 
that it is only by lucky accident, or by long-continued inves- 
tigation, that we can hope to bring together the successive 
forms of a species so as to work out its development. 
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THE CHALLENGERS VOYAGE.* 

IN this handsome quarto volume we have the first iii.jtaliiii.-iit of the linn] 
report on the results of the great exploring voyage of the ChaUengtr, 
and if the rest of the work answers to the sample, the country, and 
especially British naturalists, will have every reason to he satisfied wit! 
the outcome of this expedition. Id the Provisional Preface to this first 
volume, Sir Wyvifla Thomson explains generally the plan of pulilicatio 
that is king adopted ; and it seems excellently Calculated to pUce Uu HMD* 
tific results of the voyage in a convenient form in the hands of the public. 
These results naturally divide tlit-mselvea into two series. One of iTinM 
consists of the hydrographies! details, and magnetic, meteorological, and 
other physical observations which naturally fell to the lot of tin- Naval 
Surveying Staff; and their reports, with the addition of Mr. liuehamin's 
investigations of the specific gravity of sea-water at various depths tad ondtt 
various conditions, will occupy two volumes of the series. The complete 
report is estimated to form fourteen or fifteen volumes, similar to the one 
now before us, so that twelve or thirteen volumes are left for the record of 
the doings of the Scientific staff. One of these la to be given up to the inv 
tigation of the recent deposits on the bed of the ocean and their bearing on 
Geology and Petrology, by Mr. John Murray and the Abbe* Bettard ; and 
another, which is to be the final one of the series, to a discussion of the 
general chemical and physical results of the expvditiou ; the zoologists to whom 
the collections made during the voyage have been confided will thus have ten 
or a dozen stout quartos in which to disport themselves, and enormous as the 
mass of specimens undoubtedly must be, wo cannot help feeling that they 
ought to have room enough. 

The Zoological contributions will make, according to Sir Wyville Thoui- 
r.iil'.- statement, about fifty separate memoirs, and the mode of pal 
be adopted is somewhat as follows :— Each memoir and its plates will he 
paged Mid numbered separately, and as soon as a sufficient number of memoirs 

• Jtrport m the Scieiitific Re.td/i of tkt Voyagt of II. M. 8. CAalkvgtr, 

during 'fir I/curt tW"ll-7'J, unfUr tht owiunwl <■}' I ;,j,tiun '.'.-t.v ■"> 
FJi.ti., a fid Vuptaiii Frank Turk Thornton, S,N, Prepared imdi 
■i Sii 0. Wwille Thomson, lint,, F.K.S., &c. 'Zoolog 
Published by order of fltr Majesty's Government, -ito. London, 1880. 
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collected to moke a volume of the proper siie, they will be at once 
printed, bound together, and issued with provisional title-pages and prefatory 
matter. Thus, while the work in in progress, the published part will always 
be in a state fit for reference, and those who choose may keep it always in its 
original form; but on its completion, fresh title-pages, tables of contents, Ac, 
trill be issued, in order that the different memoirs may be brought into 
regular systematic sequence, according to the nature of their contents. An 
inconvenience which would naturally arise from this rearrangement, namely, 
the lose of all indications of date of publication, has been obviated by a very 
simple plan.— each separate memoir will have its own number aa part of the 
report on the Zoology of the ChaUenyer Expedition, and each sheet will have 
at the fool of its first page the indication of the part to which it belongs and 
the date of publication of that part. Volume I., now published, contains six 
parts, thus numbered consecutively. 

In hU general introduction to the Challenger Iteports on Zoology, with 
regard to which, he says, he must be considered only in the light of the 
Editor of the whole work, Sir Wyville Thomson describes the general 
objects and arrangements of the Expedition very much in the same terms aa 
in his previous book, giving an account of operations iu the Atlantic, and 
then proceeds to discuss generally the nature anil distribution i f the fauna of 
tLr deep sea. The abyssal region extends, according to him, from a depth of 
600 or 000 fiitliniij- to the bnttoni nf tin; i). -.-pi' a a\t\ s-es, anil so far as the 
results of recent explorations go, there is no bathymetricsJ limit to the exten- 
sion of life downwards. At the same time, from the C/Ht/imiijtr'i dredging* 
it would appear that the abyssal fauna is richest between GOO and 1000 or 
1200 fathoms, below which depth there is a gradual falling off, although 
living organisms were procured from the greatest depth at which the dredge 
was used. From 2000 fathoms downwards, however, the fauna usually be- 
comes more sparse. 

With regard to a matter of conoid" ruble interest, namely, the asserted 
absolute darkness of the abysses of the ocean, we are glad to sen that Sir 
Wv villi- Thi.PTUsun epi-aks with some reserve. He says, ' So f ar aa we can 
judge, direct sunlight does not penetrate to gTcat depths ; ' and he assumes 
that iu the case of those abyssal fishes which have greatly developed eyes, 
those organs have been exaggerated to catch the last feeble rays of light 
coming friim above. The notion that deep-sea animals see by the phospho- 
rescent light emitted by thousands of their neighbours, he dismisses as 
altogether untenable, although he believes that abyssal creatures are phos- 
phorescent in their native abysses, which does not appear to us to be proved. 
The striking uniformity of the abyssal fauna everywhere, doe, of course, 
to the equally striking uniformity of the conditions of life, loads Sir Wyville 
Thomson to regard it as representing a very ancient fauna, and in this 
respoct no doubt he is right ; but we are by no means inclined to accept the 
inference that therefore the present oceans are of great antiquity. Continuity 
of conditions in such a case does not at all of necessity imply identity of 
place ; and we can quite conceive of the occurrence of an absolute continuity 
of abtssal conditions, without the assumption that since the close of the 
Paheosoic epoch, as Beems to be implied by Kir Wyville Thomson, the great 
depths have approximately liuld the same position on the surface of 
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the earth. Geological farts seem also to stand in (he way of Uj I 
ass um ption. 

As we have already stated, the present volume contains six out of the 
fifty in ■>mnirs in which the lOolagioa] results of tin- upaditfoa are to b* 
itpofted upon. There are some "f the other memoir*, to lie appearance 
which we look forward with more interest than those here pui.i 
the very nature of the objects to he treated of in them, such as the Gtnfc 
and Hydroids. the Rahiaodemu, the Medusa;, the Sponges, &c. ; liol we ci 
hardly hope lo get more finished and complete treatises than those do' 
before us. 

The first of them is by Mr. Thomas Davidson on the Brachiopod a collected 
during the voyage ; and when we say that it possesses all the characteristic! 
of that gent Ionian's well-known work, the reader will understand that it 
most valuable contribution lo the knowledge of the class of which it trt 
The number of species obtained was not very great ; indeed, Mr. Davidain 
seems rather disappointed that he had not more materials to work upon. 
There were in all 107 species, and of these com pa rn lively few were from 
great depths. In his remarks on their bathvmetriral distribution, Mr. David- 
son shows, indeed, that the Brachiopods constitute but a small element in 
abyssal fauna, — 57 of the species were procured at ft less depth than 100 
fathoms; and in 125 dredgings down to 000 fathoms they occurred about 35 
Stoat, while in 281 dredgings. below GOO fathoms Iiracliiopods were brought 
tip only 16 times. Further we find that 08 species occurred above 500 
fathoms, 16 between 500 and 1000, in the next COO, 4 between 1500 and 
HOOO, and only 3 between the last-named depth and 2000 fathoms, the deepest 
dredging in which Bncbiopodi wen ohttinsd. Many species have consider- 
able range in depth, the most striking in this respect lieing T'rebratula rilrea 
from 5 to 1456, Tcrebratula Wyctilii from 1036 to 2000. and Ditcina allan- 
tira (Mm 000 to 2425 fathoms. Before describing the species and important 
varieties of Brachiopoda in the Ckallrnyer'& collections, Mr. Davidson makes 
some general remarks en the class ill eat ion of those animals, and gives a moat 
valuable tabular list of the known recent species, showing their habitats and 
range in depth, and indicating the species which also occur in the fossil state. 
• luivo been described as now, and these, with many of the others, 
are figured in low plates drawn, as usual, by Mr. Davidson himself. 

lYif. von Kiilliker's report upon the l'ennatulida is scarcely so elaborate 
m the one just referred to; but it is also of much interest from the large 
number of new forms which the distinguished author has had to make 
known. The total number of species in the collections was 38, belonging U 
madly half that number of genera ; but of these, 27 species, and 7 generic 
types, are described as new. Further, the new types brought under his 
BOtiM km induced the author to modify his classification of these Polyps 
(pmpoMd in 1878), mid he tabulates his new arrangement at the end of his 
paper.* Prof. Kolliker's memoir is illustrated with eleven plates very nicely 
•mooted in Uermnny under his own an per intend e nee. Both the figures and 
ptlownbfa. llmort entirely to the external characters of the Polyps 

■ ■■( our readers, we have reprinted it in a 
■lightly altered form in the Srimlific Summary. 
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1 (heir colonies, and there are very few anatomical details. As regards 
the geographical distribution of the group, Prof, Kolliker concludes that, so 
far as oar present knowledge pot?, the ieepsi partiou of the oceans contain 
few or no lVnnatuIida at a certain distance from the shore. Some interesting 
fact- bare been ascertained about the geographical distribution of the families 
p| !'■ nnntulida, the most remBrkable being tlie wide distribution of those 
curious forma the UinbeUulidiv, long known m represented only by a single 
-]-riv- fmm the Greenland coast. Umbellulct have now been obtained from 
the temperate and equatorial Atlantic, from the ocean west of Kerguelen's 
Land, from the South Polar Sea, and from the coasts of Now Guinea and 
Jinan. As regards their distribution in depth, it appears that the higher 
forms (Pterocrdiihe, Pennatuiidie, Virgularidie, and RenflUdja), live in com- 
parative ly b hallow water, only sis species descending below 100 fathoms; 
a bile the less complex types forming the other families are, for the most 
part, inhabitants of deep water. These aim pie types are probably the oldest ; 
«»1 their most characteristic forms ( UmbelluliJas and Protopt Hides) hare 
bfen shown by the investigations of the Challenger '« naturalists to have a wide 
dL-tribunun. 

By that curious fatality in natural-history writings which so frequently 
makes the smallest things occupy the most apace, Mr. G. S. Brady's report on 
the Ostracoda is by far the largest in tlie present volume, and we have no 
■ ( lonnt Cuslracnne's account nf tin; ibatomiLi'iw, Mr. II. R Brady's 
B p. .rt i in th" Foramiiiiferm, and Prof. Iliickel's on the llndiolaria, will worthily 
ki»-p up the custom. With regard to the last-mentioned group, indeed, we 
I a report that Prof. Hnckel counts his species by the thousand- 
Mr. Brady, having to do with objects visible to the naked eye, is more 
moderate; the species here described and figured by him are only £21 in 
Dumber, but of these 142 are new, and three of them types of new genera. 
As regards the bathvnietrieal distribution of these little Crustaceans, we must 
confess to shoring the disappointment of Mr. Brady at finding that they are 
Exceedingly rare in abyssal depths ; for when we saw the bulk of the report on 
Ostracoda we were in hopes that we should find described in it a host of 
•periw from great depths, such as might have acted an important part in the 
reion of dead into living animal matter. But it seems that with the 

ception of a very few forms all the specimens submitted to Mr. Brady were 
1 by dredging in comparatively shallow water or by the tow-net. 
i 2ft dredgings below 500 fathoms only 62 species were obtained, and 
tlie number of individuals of these was but small ; whilst below 1600 
fathoms 13 dredgings furnished only 19 species. Mr. Brndy describes the 
species of the group placed under his charge in systematic, order, but for the 
purpose of indicating their geographical distribution be divides the Stations 
it which dredging operations were carried on, and from which Ostracoda 
*ere obtained, into seven regions, mid finally tabulates all the species collected 
during the voyage, and indicates their distribution in the different areas. 
A further aid to the student in this direction is to be found in the list of 
localities with the speeiea found in each, which follows immediately upon 
Pome few species are very widely distributed: thus two species 
yprU occur in all Mr. Brady's seven areas, whilst two species of 

tt are found respective) v in live and six of them: the latter are deep- 
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a. Very few can bo identified with known fos 
Report on the Ostracoda ia magnificently illustrated with 
the figures in which have been most beautifully executed by Mr. W. 
Purkiss, and an inspection of these will enable the reader to form at 
ception of the laborious and minute research that Mr. Urady must have 
devoted to these little carapaces. A. few details of structure illustrative of 
generic characters are given in some of the plates, the only defect in which 
seems to us to be that they have no indication of the natural size of the 
objects, or of the magnifying power under which they have been drawn. As 
the figures arc enlarged from 30 to 60, and sometimes £0 diameters, a 
mation of the amount of the enlargement ought to have been given. 

l'rof. W. Turner seems to have had some very unpromising materials in 
the bones of Cetacea wliich were handed over to him for investigation, and 
he has apparently made about as much of them as could well be expected. 
The most important specimen was a young skull of Meiojilodon Loyardi 
from the Falkland Islands, which has enabled the author of this it 
furnish soma interesting details as to the formation and structure of the 
teeth in ths imperfectly known Cetacean. Other specimens belonging t 
tho same species wore obtained at the Capo, the Chatham Islands, Australia, 
and New Zealand, so that tho species seems to make the circuit of the 
Southern Hemisphere, The skull, cervical vertebrfe, and sternum of the 
young animal, and section** of its teeth and of those of the adult are figured. 
Some details of the structure of Hector's E}>i<-doii chathamimxi* are given, 
and the species is identified with Zipkitu cavirottri'. A peat i 
tympanic bulla} and fragments of other bones dredged up ia nriatu localities 
are also described, and some of them figured, 

Prof. W. K. Parker contribute* the first part of an elaborate tr 
the embryonic development of the Green Turtle (Ctidonf viridin), in which 
he deals solely with the development of the cranium, face, and cranial n< 
Mr. Parker points out certain resemblance* and differences between the 
Turtle and other Reptiles and the Bntrnchians, and indicates that the 
great number of somatomes in the neck and tail of the early embryo would 
se*m to ' suggest an ancestry having a longer neck and tail than the existing 
forms;' and he goes on to remark that • as some of the cretacoous ChelonU 
certainly possessed teeth, and as a few forms, both fossil and existing, hare 
the nasal bones distinct fn>m the prefrontals, it is evident that the modern 
ChelonU are forms that have become differentiated from their nearest reptilian 
relations by specialization. A long-necked ancestry, with a feebly deve- 
loped carapace, and many feeble bones of the plastron arranged triserially, 
would bring us very near to the Pleaiosaurs.' This report is illustrated with 
lfl plates. 

Finally, we have Dr. Ounther's excellent report upon the Shore-fishes, 
in which ho describes the littoral fishes collected during the W] 
the addition of the few freshwater forms that were taken. Dr. Gunther 

tells us that ho had 1400 specimens, representing 520 species, 

04 were new. He has treated the species in faunas laid down and divided 
upon a somewhat elaborate plan, but for the convenience of reference in 
determining species he has appended to his memoir a systematic 
the species with references to the pages on which they aw described or 
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referred to. Of the new species a considerable cumber are Rays. Fourteen 
new genera are established, and among- these forms of I'leuronectidw 
seem to be moat numerous. The plates, thirty-two in number, illustrating 
this report, are most admirably executed, und display the beautiful or 
grotesque characters of the fishes very clearly. 

We hare felt it a duty to enter in some detail upon the consideration 
of thia volume as being not only in itself a repository of most valuable 
materials, but also, we may hope, the precunei of others, at least not less 
rich in interest and information. The zoological Reports of the Challenger 
expedition, if carried out throughout in the same spirit, will certainly hear 
comparison with any work of the kind. We may add that the volume ia 
issued at a very moderate price, and that the different memoirs may be 
purchased separately. Also that the sale has been entrusted to several 
publishers in London and elsewhere. 
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ELEMENTS OF ASTRONOMY.' 



HIS is one of the new volume* of Longman's Text Hooks of Science 
adapted for the use of students, and is a work therefore which 
should give a full and explicit treatment of ita subject, so as to enable 
its readers to obtain a sound knowledge of the elements of the branch of 
Science to expounding which it is devoted. Above all, the information it 
contains should be trustworthy, and carried up to recent date. It cannot 
he said that this volume fulfil* these ends. It is a very unsatisfactory 
work, m nearly every section shows evidence of inexperience and want 
of familiarity with its subject ; oil the more surprising as the work ia 
from the pen of the Royal Astronomer for Irelaud, and the hood of the 
principal Observatory therein, that of Dimsink. 

The work is divided into twelve chapters and some 273 sections, each 
section treating of its subject in the Semi-isolated form so customary 
in mathematical text-books in common use at the I Ini versifies. These 
sections are badly arranged, those devoted to analogous subjects being 
often widely separated; and they are commonly devoted to the lengthy 
exposition of subjects which seem to indicate n strange inexperience of the 
requirements of astronomers. At times several pages are given up to the 
elaborate treatment of unimportant matters, whilst subjects of far more 
importance are dismissed in a few lines. Again, a subject is introduced 
and partially discussed, only to be taken up again and re-discussed at 
in.iih.-r time. Further, at times essential points are boldly stated and 
required to be taken on trust, whilst the minor points connected with them 
are made the subject of elaborate geometrical discussion. All these are 
grave faults in a work designed fur students. 

In many instances remarkable inexperience is shown in the quotation of 
authorities and data, as if the author was unaware of their merits; in many 
case* old and untrustworthy results lire quoted, nnd more modern and 



• Elements of Astronomy. By Robert Slawell Rail, LL.D., F.R.S. 
Andrews Professor of Astronomy in the University of Dublin, Royal 
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Accurate results ignored. Thus, OB page 961 W8 tind Schrotcr (Kpo 
]-i|i!) goofed as the authority aa i" tlw density and refraction of t 
atmosphere of Panaw, whilst flu.- ntithor ignores the only ■ 
results, thoee of Midler (1M0-IBJS0), and Lyman (1866 [876> I 
prove Schriiter's results in l» erroneous, Again, the author ijw 
29t))quotes and makes use of the value of (lie solar parall ax den v. : 
transit of Venus of 1874, and published in iheB._pori of the Astronomer 
Royal, ordered to be printed by tbe House of Commons, July fi, 167", 
though it is well known that this result is valueless. It ha*, in hot, 
been practically abandoned even by its autlior. No 
made to the later results obtained by Major Tiipuian, nor to that fo 
Btone. In the bat chapter, headed 'Astronomical Constants," 
occupying some ninety pages, there are innumerable cases of lliis inex- 
perienco as to what are trustworthy results and what are valueless, though 
accuracy in these data la of the most enormous importance to Btadenta 
Timij afo-r tiim; we rind u lung list of old results quoted— rir.ull.-n fewof which 
may possess a little interest as curiosities, though of no value to Astronomr, 
whilst many of the moat important modem determination*, often, in feet 
the very determination in general use, are completely ignored. Thus 
the obliquity of the ecliptic the only two modern values are Levt-rrier and 
Airy, and for Precession, Struve and Lererrier; Nutation slid & 
fare b.'tter. In the solar parallax wo have Encke'i earlier result only ; 
Leverrier'a early result, given as derived from ' the parallactic equation of 
the Mood:' Hansen's earlier and erroneous value only, and Tup™. 
Slonefrom the transit of Finns; and Downing find 1 1 all from I he 
of Afw* completely ignored, For the planets we have Leverrier'a elements 
given, but mostly with wrong epochs. The diameters without Yniing's 
value for Mervuiij; Plummer, Hartwig, and Auwers, for Vemtt: EkVrv, 
Encke, Galle, Pritchstt, fur Mart, Ae. Fur the value of the secular 
aeo'dernlion in tli" motion of the Moon we do not find either Adams or 
Delaunay's latest theoretical values, nor Hansen's last value from observa- 
tion; but we do find Airy'a lust value, now admitted by it- 
erroneous, and one which was generally known to be erroneous from the 
very day it was published. In the values for the lunar parallax we titid n ■ j 
reference to Adams, Hreen, or Hansen. For the semidianietei tin. aojj 
modern value is that from the eclipse-, r,f Isc-d ijiilI 1-71'. an. I nil unnoticed art! 
Burckhardt'a, Plane's, Pierce's, Hansen's, and the Greenwich valued. 1 n.I.-i 
the head of the Lunar Equator we find either the lunar crater Muniliu* 
treated as an observer of the Moon, or the lunar obsen er Ni< ! 
as a limar crater, or perhaps lmth ; and the results which Nicollet deduced 
from observations of the spot Mainline made by the astronomers, Arago, 
Bouvard, and Nicollet, are assigned first to Poiaaon and then to Plana. The 
section on the figure of the Moon is in helpless confusion, and hopelessly 
wrong. In the section on tbe Topography of the Moon, 
reference to either Lohnnann's important map or his sections; and even 
Beer and Madler's Der .WW is omitted, whilst Sir «' II. i-.. 
nomical Observatidiis relating to the Mountains of the Mi ion " is can-fully 
inserted. This list must bo enough, and yet wo have only run light 
a third part of the uiuety pages of this chapter. 



It would be impossible in the space of this abort review to indicate more 
a (i small fraction of the total number of imperfections which we hare 
noticed in looking through I lie volume. On page 10 we find it stated that the 
mirrors of reflecting telescopes are usually made of speculum metal, though of 
lat-r years trxct'lli'iil mirrors have been made of sUrend ^luss, whereas there 
lis* been scarcely a mirror made of speculum nictal for a quarter of a 
century, and over ninety-trine per cent of the reflecting telescopes in use have 
silver-on-glass mirrors. Pages 70 to 83 are devoted to the transit instru- 

iii*ii t and ili eo rivet ion.', ti (J> tin* very leiuithy in.'. 1 il would be quite 

insufficient to enable any one to take end reduce a transit, and it contains an 
eitraordinary definition of the error of collimatlon, — the axis of collimation 
being defined as the Una from the centre of the object-glass to the inter- 
till central crosa wires! Towards the end we hove a selection 
of star catalogues given as the mo-t generally ii-.'l'ul ; these are the Uriti-h 
Association Catalogue ! Argeliiuder ! 1 and Lalatide 1 ! ! Not a single cata- 
logue from which a decent star-place could be derived, and all based on 
observations made near tlio beginning of the century! On page 233 
we are favoured with a peculiar description of the lunar mountains, and 
the so-called lunar craters ore spoken of as the nearly eitinct craters of 
once active volcanoes, and as being several hundred in number! The illus- 
tration given as that of a typical lunar crater is curiously unlike anything 
on the face of the Moon. The picture of the Moon would not be so bad 
dil in it the shadows give rise to the question whether there were not two 
suns shining on it. The author also speaks of the absence of any peuumbral 
fringe to the border between light and darkness on the Moon as proving the 
ilweoce of any sensible atmoiphere, whereus the actual mutants of a broad 
penumbra) fringe is well known to every lunar observer ; aud it is also 
known that no possible atmosphere on the Moon would produce such a 
broad fringe of this nature. On pages 1 15-128 we find a long account of 
the parallel-wire position-micrometer and its use, but no account of how 
the position-angles are to be determined, or even what they are. Later 
(page 33ii) we are told what a position-angle is, but not in what direction 
it is measured, so that the earlier information is useless. On page 32(1 we 
are told that ' it is at present, at all events, quite out of the question to 
suppose that a quantity so minute as the Bun's diameter could be detected 
" y our instruments:' a startling statement, followed as it is by the addition 
. were it ten times as great, it would be barely appreciable. It is to 
je trusted that the context will allow the student that this means ' if I lie 
Sun's diameter seemed two hundred thousand times smaller than it does 

The whole character of the book may bo summed up as a little badly 
"■!..!iil astronomy very diffusively treated with the aid of elemontary 
geometry — a work neither sufficiently trustworthy imr snllieieivtly complete 
for the purpose it aims at. Its principal virtue is the clear and lucid 
manner in which it is written, the distinctness with which the various 
■■:■-. il principlesare enumerated, and the capital index with which 
,-hed. As a text-book of Astronomy, however, it is certainly 
not to be recommended to any one wishing to obtain a full and trustworthy 
account of Modern Astronomy. 
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GEOMETRY.* 

THIS work is intended for students wishing to gain such s knowledge 
of the principles of Practical Geometry as shall be useful to them ii 
the drawing-office or the workshop. It contain*, under the beads of 
Practical Plane Geometry, and Orthograpliii-nl Projection it Solid Geo- 
metry, numerous examples of the different problem* arising in the study of 
geometrical drawing, the methods of solution being given with considerable 
detail, and very fully illustrated. Most of the cases are representative 
of such as have actually occurred during the author's class-teaching, anil 
a large, number of the examples given for practice are selected from 
the examination papers of South Kensington and the Indian Enginetr- 
ing College. A principal purpose of the work, as announced on the title- 
page, is ' to meet the requirements of the higher .stages in the Science and 
Art Department Syllabus,' and this it is certainly well adapted to do, as 
any student who had carefully studied it might be expected to take a good 
position in the South-Kensmglon examinations. The excellence of the work 
for this purpose will, however, make it somewhat disappointing to those who 
may look into it for information on other than the simpler kind of knowledge 
required by elementary Students ; and it may be regretted that the author 
has found it necessary to restrict his work bo closely within the liraiu 
of the Syllabus. For example, there is practically nothing about per- 
spective projections, the only information given under thia head being 
ci.ntiiiid to » few pujj.'.- ..ii i-.Tu.-hi.' projection, which is tp»1 
as resulting from a peculiar property of the cube, instead of being a repre- 
sentative, and that the least valuable one, of the class of axon o metrical pro- 
jection, the more important monodimetric and anisometric kinds being not 
even mentioned by name. The statement that isometric projection is only 
applicable to rectangular solids is unfortunate, as one of the few useful appli- 
cations of this kind of drawing is in the delineation of (he workings c 
mineral veins which are solids of more irregular curvature than any that 
it is probably ever necessary to represent in any other branch of industrial 
drawing. 

In going through a work such as the present, the question is forcibly 
presented as to how far the working of complex cases of oblique projection, 
of intersecting solids of the most irregular character, such as are presented 
in its pages, is necessary to make a good mechanical draughts 
author tells us ' that an ignorance of projection must be a fatal impediment 
to success in the workshops.' This contrasts somewhat, amusingly with the 
experience of one of our most scientific mechanical engineers, Prof. 
Fleeniing Jenkins, F.H.S., who in his presidential address at Edinburgh, i 
1871, speaks of 'the little qiuui mechanical drawing which is taught' 
(under the Science and Art Department scheme) ' as mostly mere geo- 
metrical projection, n subject of which real draughtsmen very frequently, 
and with little loss to themselves, are profoundly ignorant. Descriptive 

* Practical Plane Qeamefrv and Projecti'm. By Henry Angel Bro, with 
4to Atlas of Hates. Wm. Collins, Sons, and Co. (Limited.) T.™!™ -~i 
Glasgow. 1680. 



■metry and geometrical projection are nearly melees branchi i the art, 
and the little encouragement that is given is almost monopolised by 

In many', probably in moat cases, lime might be more usefully spent 
in making measured drawing! from actual working objects, when once the 
elements of plane geometry have been mustered, than in solving the most 
ingeniously contrived examination puzzles in projections. This view of the 
subject appears to prevail in Prance, judging from the albums exhibited at 
the late Universal Exhibition, containing drawings made in the schools 
attached to the larger collieries, smelting sad mechanical engineering works. 
There the works done by children from about twelve years of ng» upwards were 
for the moat pari representations of objects in common use in the works, from 
the simplest, elements to tckniblv complicated '.'"in bin ali olib, such as small 
steam-engines or simple tools, but in all cases the drawings wore made from 
the reel objei 




BELFAST LOUGH.* 



a the natural history of Belfast by a Robert Patterson, and 
i the memory of Robert Patterson, ought to bo of 
; and the volume before us on the Birds, Fishes, and 
is frequenting the fine inlet of the sea which bears the name of 
Belfast Lough, will interest many readers. Mr. Patterson, indeed, does not 
pretend to be writing a profound scientific work; his work contains observa- 
tions on the habits of the inhabitants of the Lough, made by him during 
the e.irursi'ins of many year?, and deals rather with thu habits and manners 
of the animals referred to than with their description and classification. 
It is, in fact, especially as regards the Birds, a very pleasant, semipopular 
treatise, which may be perused with both entertainment and profit ■ Ity the 
general reader, while at the same time, like so many other local books, it 
contains numerous bits of information which will make it welcome to the 
Naturalist. The statements as to fishing in the Lough are of much 



NORTH AMERICAN SEALS.t 

JUST three years ago (P. S. R. January, 1878, p. 81) we called a 
to the publi cation of Dr. Elliott Cones' monograph of North-American 
Musielidiv : Mr. Allen's work on the Pinnipcdia is a still more elaborate 
and valuable production. Seals, from their very nature, have, ill many 



* The Birds, Fishes, anil Cftacea, common/)/ frrrpiciifint/ Belfast L'lugh. 
By Robert Lloyd Patterson. Bvo. London : D. Bogus, 1880. 

t History of North American Pinni/wb, a .Vonoi/raph of the Walruses, 
Sea-Lions, &e<*-Bears, nnJ Seals of North America. By Joel Asjiph All™. 
— U.S. freoloffiml and Gtni/raphii-al Survey of the Territorial, Miscellaneous 
I'ulJicu/iona, No. XII. 8vo. Washington: Government Printing Office, 
1880. 
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cases, a fur wider distribnlion than can generally be enjoyed ■■■■ 

mammals; and hence Mr. Allen's investigations, although (peolaUy directed 

lo the speck'.- inhabiting the shores of North America, nc-eesaurily range 

over a far mure extended field, and deal with forms in whid 

naturalists liavo a direct local interest. Moreover, is 

points, questions of nomeneUture, .tc, our author does not confine himself 

to the species with which he has specially to deal, liut treat.- . 

generally, referring also to the habits and natural I i 

all parts of the world, and thus his book is rendered indispensably necessary 

to every student of the l'iiinipedia. 

In the classification of the Pinnipeds the author introduce) 
feature : he divides the sub-order into two great tribes, — one including the 
Eared Seals and Walruses, which have their hind feet turned forwards anil 
walk upon all fours, which he calk l-ire'sigrada : the other for the reception 
of the ordinary seals, which progress on land by the action ol 
paws alone, assislrtl by wriggling uiotii>rn of the body, and the* are accord- 
ingly narnwl Heptigrada. The groups seem to be natural enough, but we 
don't admire their names. 

At the outset the reader in somewhat startled at missing the old familiar 
name of Trirltrckiw for the Walrus, and finding substituted for it the very 
unfamiliar one of Odobamu, There is no doubt that it was by an incon- 
ceivable series of blunders that Linnieus, in the last edition of his SyMtma 
Naturm, transferred the Walrus to the genus TrMeehu, vrhic 
righi to the Manatee; but we question whether under the eirewnstancea it 
was worth while to diirturb the existing nomenclature. Mr. Allen dis- 
tinguishes two species of Walrus, — I lie Atlantic Walrus 
rotmantt) and the Pacific Walrus (O. obetus), — and a very full account 
given of their characters and natural history. Copies of the 
old figures of the Wah us, taken from the late Dr. Gray's paper in the 2Ve- 

■ ■■ the Zoological Society (1853), ahow rather amuaingrj 
fur the vivid imaginations of travellers and naturalists could oarr 

Mr. Allen discusses at considerable length the difficult question of the 
aperies of Kared Seals (QtariidaV), and comes to the conclusion that all the 
known forms may be referred to nine species, — five of which are Hairy 
Si ■'■ .'■'. Sea-Lions (forming the sub-family, TrichophoeaoetB), and foil 
tlirin Pur Seal-, or Sea Bears (Ouliphocaceas). The general natural hi»ti>ry 
<il these animals is given in some detail, with n bi 
genera and species, and tlie three species 1 1 wo Sea Lions and OQi 
which inhabit the Pacific coast of North America, are fully den 
nil points of view. 

The Earless Seals (Reptigrada) form the single family Phocidaj, of 
which seventeen species arts here catalogued by Ml 

being fully described as inhabitants of North America, liesidee these a 
ninth, somewhat doubtful species Is noted as an ink i 

Indies, and an occasional visitor to the southern shor 

This seal ( Jf onaehut 1 1 ropicalu) appears to he known to tho nit 
■ ol Hill and' ioaae, who observed it in Jan 

lliTe.as indeed throughout (he book, Mr. Allen luv . 
unwearied labour to tlie accumulation of reliable information, nut only 
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regard lo the North American species, which may be considered the sp./oin] 
objects of liL? study, but tlao in connexion with those which do not reside 
on the North American eaasta, so that his work contains a summary of our 
present knowledge of the geographical dwrriljiil inn. habits, and synonym v of 
i In Bring Knnipeds, with most valuable notes upon the fossil forms which 
have been discovered in various parts of the world. The sections of the work 
dealing with the natural history of the Seals will l>e found most interesting, 
>■ lie hove, thai most readers will feel their indignation rise at the 
descriptions of the proceedings of the seal -hunters, whose reckless destruction 
of unnecessary multitudes, of these unfortunate creatures bids fair to extir- 
pate some of them, at am - rate, from the face of the earth. We had marked 
two or three passages for quotation, in order to show the extent to which fhntn 
horrible massacres, mine times attended with the grossest cruelly, have 
reduced the seal population of I lie Northern seas; but this notice has already 
reached too great a length. We can only express a hope that those who 
have power in their hands may. if possible, Sad Mm means of putting n 
restraint upon Ihe operations of the sealers. Independently of the cruelty 
of such indiscriminate massacres as are to be found doscritied in Mr. Allen's 
pages, and the loss to the world caused by the reckless destruction of seals 
which has so long prevailed, the unfortunate inhabitants of the Arctic 
■ jir>' mainly dependent upon seal's flesh for their food, are 
rapidly diminishing in number owing to the increasing scarcity of this article 

if diet, and unless mum change is made many tribes will perish off the face 

t the earth. 



INFUSORIA.* 

G appeariH.ro of this 1 k promise! to mark an epoch in the history of 

our knowledge of the Infusoria perhaps of more importance than any 
.t have been made since the publication of the great work of Kbrenberg. 
»f course, us only one part of il is published, and this deals solely with the 
ueralities of the subject, it is at present impossible to contrast tho 
■Jftenutic work with that of Ehrenberg, or of any subsequent writer; but 
ili. n ;ire, even in this portion, sufficient evidences of careful, painstaking, 
and thoroughgoing work, to lead us confidently to expect that the descriptive 
section, when it appears, will also be of very high quality. 

In the part now before us, Mr. Saville Kent opens with an historical 

sketch of the progress of the knowledge, of the Infusoria, since the first 

.1 mbera of the class struck the startled vision of old Leeuwen- 

hoek some two hundred years ago. His references to the principal authors 

t arranged in chronological order, and he indicates the characteristics of 

e work done by each of them, and the effects produced by their respective 

especially upon the scientific conception of these microscopic 



, irirliidiiiii a Drsrrij)/ "iim of llie Flagel- 



' A Manual of the Infutt 

. f'ihiie. mid Ti'nta<-uUfert.iu* /'n,/,,-.„i, Iln'i-h mid Foreign, 
ml i-f tht Ovjmuzulivn and Affinities of Ihe Sponi)et. By W. Saville 
v *'S.,&c. Parti. Super royal yvo. London, David Bogue '** 
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A second chapter treats of the sub-kingdom Protozoa, and the position 
to be assigned in its ranks to the Infusoria. Our author accepts the 
sub-kingdom Protozoa in the old, that is to say, thu pre-li&ckeliaii senie, ' 
eluding the Sponges, and altogether rejecting the ' kingdom ' Protista, 
defines the group ' as embracing all those forms of life referable to i 
lowest gTade of the animal kingdom, whose members are for the most part 
ropmso.nWirl bj organisms possessing the histologic value only of a single 
cell, or of a congeries or colonial aggregation of similar indfij 
Cellular beings.' Ilia views of the claaaification of the Protozoa appear 
first sight a little complicated, inasmuch as some of his primary sections 
overlap one another in the classes, or at least in the class Flagellata, which 
includes representatives of three primary sections, so that at present it " 
very clear what classificutional value is to be ascribed to the latter, although 
one can seethe interest attaching', from a philosophical point of view, to 
recognition of the peculiarities embodied in them. Thus, Mr. Kent, 
establishing his primary groups, has regard, ' not so much to the varied 
character of the locomotive or prehensile appendages poessessed by the 
representatives of this sub-kingdom, as to the nature of the oral apparatus 
or systems subordinated to the function of. food- ingestion.' In the first 
lowest of these sections food is ' incepted indifferently at any point of the, 
periphery or general surface of the body;' these are called Pantotfomata, 
and ihe Khizopods maybe taken as typical examples of them, although 
sundry flagellate Infusoria are included in the group. In the second section, 
although there is no true mouth, the inception of food is performed by 
diBcoidul area occupying the anterior extremity of the body ; those are the 
I>if ■imiiunat-a, and they are represented l> v the eollared flagellate forms and 
by the sponges. The Eus/omata have a true mouth, and are best represented 
by the ciliated Infusoria ; whilst the Pulystunwta include only the ten- 
taculiferous forms, such as Aeintta. The four classes of Protozoa, however, 
are characterized by their locomotive or prehensile arrangements, — they are 
the Khizopodn, Flagellata, Cilinui, and Teutaculifern. With the first- 
named class the present work has nothing to do; the others will be treated 
in detail, and we have in this first part the general deecriptiim of ibe 
structural and physiological characters prewnted by them. 

As may be seen from a previous quotation, Mr. SaviQe Kent accepts un- 
oJii'liii'iiiiUlv the view of the unicellular nature of the Infusoria; but simple 
as this makes them out to be, he finds a good deal to tell his readers about 
their structure and the functions of the comparatively few parts of which 
they consist. Throughout the section of his work dealing with the mor- 
phology of the Infusoria, we find him making full use of the results arrived 
at by previous observers, but these are checked in nil cases by his cun 
researches, which have been pursued most in luetrioutly for many years. 
The same thoroughness of treatment characterizes the exceedingly interest- 
ing section devoted to the consideration of the reproductive phenomena of 
these little creatures, and the important chapter in which the question of 
spontaneous generation is discussed. Here the author again adopt* the 
historical mode of treatment ; and, commencing with the results of the earlier 
. works up through thy investigations of I'ouehet and Pasteur 
. id of Haitian and Tyndall in England, to those of Hallt 
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Drysdnle, and to his own researches upon the animalcules of hay-infusions, 
which in combination furnish a body of evidence against which tho ad- 
vocates of abiogenesu will find it vain to contend. 

Mr. Kant further treats at the zoological affinities and distribution of tha 
Infusoria, and gives directions as to the best modes of investigating and 
preserving them for examination. 

The Sponges, as already stilted, are placed by the author among hia 
flagellate Protozoa aa an order standing next to tho collared Flagellata. 
He proposes to discuss in detail the much-vexed question of the true 
position of those remarkable animals, hut in this first part of his book he 
only commences the chapter dealing with it. Tho chief reason ■■fciiMNl by 
Prof, lliu'kel for transferring the Sponges from the Protozoa to the Metazoa 
waa derived, as is well known, from their mode of reproduction, the 
' iwartn-gemmules,' or ciliated reproductive bodies of the Sponges being 
developed according- to Mm in the same fashion as the embryos of the higher 
animal forms. Hiickel's results have not passed entirely without contra- 
diction, and Mr. Kent declares that the developmental phenomena of the 
Spongee ' accord essentially and entirely with those presented by the typical 
Protoioa,' and ' that there is no formation of a germinal layer or true 
tissue structure in any period of their development.' In his next part the 
author will expound his views of sponge-nature in full detail; and he has 
already published in anticipation two plates illustrative of tho structure and 
development of Sponges. The remaining seven plates are devoted to the 
illustration of the collared Flagyl lata, and the Bguroa, like all tboM produced 
by the author's pencil, are exceedingly delicate and beautiful. 

If carried out in the spirit in which it has been commenced, Mr. Saville 
Kent's Manual of the Iiifwiori'i will certainly be one of the moBt important 
books that we possess upon the subject of which it treats — a subject of 
interest to all philosophical naturalists, and of special interest to all the 
numerous workers will) the microscope. It is to be published in si* parts, 
and in the matter of execution, both as to text and illustrations, really leaves 
scarcely anything to be desired. 

While this notice was posting through the press wo received the second 
I'l.'t uf tlii* book, but unfortunately too late to allow us to say anything 
about it 



THE ATOMIC THEORY* 

SINCE the early days of Greek philosophy, the hypothesis of the atomic 
constitution of matter bos played no insignificant part in the history of 
physical science. It was not, however, until the beginning of tho present 
ceDtury that the hypothesis took so definite a shape as to become an almost 
indispensable aid to scientific thought. To the genius of John Daltou un- 
questionably belong! tin.' credit of having elaborated Ilia old idea w-ith such 
rue subtlety that the hypothesis has been elevated to the rank of a great 

* The Atomic Throw. Bv Ad. Wurti. Translated bv E, Clemenshaw, 
' 8ro. London : Regan Paul i; Co. 1880. 



I 



64 POPULAR SCIENCE REVIEW. 

theory. IVif, Wurtz, who startled i 
chemistry is essentially a Frein -I. 
which the English philosopher developed, and has written upon this sabjec 
n i :i [mil ili- wii] k, which forms one of the recent volumes of the I. 
\, „.,',', Stria. To Bay that the work has been admirably writl 
to aay what might be expected of anything that comes from the pen of is. 
accomplished an author. Moreover, it is, on the whole, tolanblj impartial 
though wt ate inclined to think that the important work of Avogadro wa* 
deserving of fuller recognition. M. Wurta's book falls into two parta— tbf 
first dealing with Atoms, and the second with Atomicity: the latter, how- 
ever, ianot treated so comprehensively tin tin- former subject. After carefully 
looking through the hook, we are tumble lo say where el*?, in the English la 
gunge, the student will find so complete nu exposition of the a 
in its bearings upon modern chemistry. It. is a pleasure to add that t! 
translator has rendered his author into admirable English. 



MEMOIR OF A YOUNG CHEMIST. 

' T/17'*"^* " 10 g0li9 ' OT * die J° an %' Th? death of Thomas Wills, a 

II early age of twentv-eight, furnishes another illustration of this adage 
Singularly unliable as a Christian gentleman, and highly accomplished I 
chemical lecturer, Mr. Wills was eateeraed and beloved by all who knew 
him, The work that he accomplished In hia brief lift* was nut onh lonlik 
creditable in itself, but gave fair promise of a brilliant future. Mr. Will 
was, originally, assistant to Dr. Odling at the Royal Institution, and after- 
wards became Demonstrator in Chemistry al ihe Royal Naval I 
reproduce his papers, oa has been done in this work, was a fit tribute to hi 
memory ; but to write, a biography of one who bad so abort » CltNt w 
matter of questionable expediency. However interesting the anecdotes 
childhood may be to the family of the deceased, they are apt, in many cbt.- 
to (rive rise to a smile when read by a stranger. Nevertheless, we syrup* 
thiie with the spirit in which the little volume lias been written. Th 
tenderness of a mother breathes warmly through every page, and the critic 
stands disarmed. 



A SIMl'LE BOOK ON HEAT. 



THIS is an unpretending little work, put forth for the purpose of ex 
pounding, in simple style, the phenomena ami laws of Heat. 
strength is vainly spent in endeavouring to present a miitln-timtienl I lew i 
the subject, The author passes over the ordinary range of matter to b 
found in most elementary treatises on heal, and enlarges upon I 
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s of the principles of his science — a subject which is naturally attractive 
.tiated, Mr. Williams's object lists Uyn well emried out, and his 
may be recommended to those who care to study this interesting 
U of physics. 



ELEMENTARY CHEMISTRY* 
■\R. KEMSHEAD'S elementary work on Inorganic Chemutry was 
originally written for the use of students preparing for the May 
ination of the Science and Art Department. That it has well served 
its purpose is apparent from the fact that it has now reached its second 
edition and twentieth thousand. When it fir*l appeared it was notable as 
one of the earliest text-books in which Dr. Frankland's notation was 
adopted. The new edition has been corrected where ntiriwnlTj to bring- it 
into accordance with the recent progress of chemistry. 



TABLES FOB. ANALYSIS.f 
JT is not a very ambitions chemical feat to analyse, qualitatively, a simple 

Mr. Vinter is teacher at the Leys Si-1 1 in C.iiu bridge, where 

e pupils generally cannot spend, we are sorry to hear, more than one hour 
n the work of the laboratory. As b guide to the method of ex- 
a simple salt he has prepared these tables, which for the last four 
* lie has found useful in his own class. They appear to be clear, concise, 
1 accurate ; and may therefore usefully serve the purpose fur which tiny 
t forth. 



THE GARDENS OF THE SUN-t 

IRE GA&DBN8 OF THE SUN ia the somewhat fanciful name con- 
fi-riid by Mr. Hurbidge upon (he islands of the Malayan Archipelago, 

i* Hi' whirl] In- i i.j .--il : — ■ i j 1 1 ■ time collecting plants Foi Messrs. V. it eh, 

f their beauty lie speaks in the most enthusiastic terms; und although in 

this respect be may be regarded as only confirming the stivte nenta of earlier 

account of his individual impressions is of interest, and may 

*■ to give a new colour to the not inns entertained l>v it is renders. 

' btorgame Chemistry. By Dr. W. B. Kemsbead, F.C.S., &c. Tweoti.tl, 
loltMUld, revised and correct ed. Svo. London & Glasgow: W. Collins, 

t Tablet fur ih,< Analinii* -fa ,S,„i,>,,- Hilt, f,,r ait in School Laboratories 
y A. Vinter. M. A. Bvo. London: Longnmns A Co. 18«0. 

[ The Garden* -f the Sun: or, a XaturuU't'r Journal >" the Mmintahi* 
■vi in thr Fuf.it.i and Sirnoij" -f Ihoneu, and the Sti/it Archi/it/ago. Bv 
'. W. Hurbidge. 8vo. London : John Murray. 1880. 
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Sir. Burbidge gives b cheerful description of his voyagf 
and of bu experience! in that colony, including n visit lo the neigh bourin(! 
rajabdom of Johore | thence he proceeded to Borneo, nnd afteru ■ 
Sulu Inlands and back; and everywhere he neau to have 
with the people in a hearty manner, which gave him many opportunities 
of observing their habits and modes of life. Accordingly Tin- leader wfll 
find in this book many exeuediugly interesting details with regard to the 
social condition of the inhabitants of the islands riaitedj (fhil 
circumstance that, in Borneo especially, [In* iinilmi made lonj.' i 
the interior of the country, he is enabled to give much inforiimiiuii upon the 
inland tribes, which will be of value to the ethnologist. He notices the 
J&kuns, or will men of the interior of Johore (chiefly from the 
Dr. Maclay), and the Muruls, Kadjans, and other supposed nl'nii^tiuil 
inhabitants of Borneo, who seeai to have disappeared f mm the coast, 
absorbed by tho Malaya, whose characters are more or lean evidently modified 
by the intermixture of native blood. 

Naturally the plants of the localities visited by Mr. Burbidge attracted 
the greatest share of his attention; and in collecting these he appears to have 
been exceedingly energetic and successful. From the mountain of Knia 
licilu (tlii- Chinew Widow mountain) he succeeded hi Betiding living phuite 
or the gigantic pitcher-plant Ntpentha RajaA, and also another very endow 
species of tho same genus (_If. bicalsarata), in which the pitchers are armed 
with two formidable spines, which the author believes to have the function 
of preventing insectivorous birds and mammals (rem reaching the insect* 
always contained in tliosB curious receptacles. Fifty species of ferns, about 
one ouartor cf which were previously unknown, were added by the author 
the flora of Borneo; and in the Sulu islands he also collected a considerable 
number of plants of the same order. Lists of these, with short descriptions 
of most of the new species, are given in an appendix. 

Plants did not, however, engage the whole attention of Mr. Burbidge, 
and many remarks upon animals observed are scattered through his page*. 
Nevertheless, zoology is not his strong point. Birds seem to have attracted 
him most, and he made collections of them both in Borneo and the Sulu 
Archipelago. Lists of the species obtaiiii.il, with descriptions of some 
new forme, from the pen of Mr. Bowdler Sharpe, will also be foul 
appendix. 



THE POETRY OF ASTRONOMY.' 

UNDER this title Mr. Proctor has issued another seta 
his numerous contributions to our magazines during the last 
five or six years. Like all of Mr. Proctor's essays, these are well-w 
sketches of the more popular portions of the science of Astronomy ; and if 
they will seem somewhat superficial to the more scientific of his render*, 

* The Partly of AtTronomi/ : a teriel of familiur Eutfl ttt tli 1 
Boditt. By Richard A. Proctor, B.A., F.R.A.S. Svo, London: 
Elder, and "Co. 1881. 



tber will prove decidedly interesting and instructive to the larger class w 
Mr. lector more especially addresses, and who have so repeatedly shoi 
how much interest they take in Mr. Proctor's ingenious speculator 

The contents of the volume are separately entitled : ' Age of the Sun a: 
Earth;' 'The Sud in his Glory;' 'When the Sea was Young;' 'Is the 
Moon Dead?' ' The Moon's Myriad Small Craters;' 'A New Crater on the 
Moon ; ' ' A Fiery World ; ' ' The Planet of War ; ' ' Living in T>road and 
Terror;' 'A Ring of Worlds;' ' Earth-born Meteorite*;' and the 'Architec- 
ture of the Universe.' 

Of these essays, the one we like bust ia that called, ' The Sun in hia 
Glory." The weakest one is that on ' The Moon's Myriad Small Craters,' 
because it ia founded on a very imperfect acquaintance with the real nnture 
of the lunar 9urf ace and especially of Iln.w very formations — sm fill craters — 
to which he refers. Hod they been of the nature supposed by Mr. Proctor, 
his ertraordinnry theory, that they are indentations of the surface due to the 
impact of Lirge meteors, might be made to rend plausible enough, but then 
thi-y are not of the nature supposed, which is unfortunate for the theory, — 
ur the Moon. Strangely enough, Mr. Proctor selects Prof. Newcomb as his 
authority for the nature of the lunar surface; though eminent as Prof. 
Bfawoomfc U in his own departments of Astronomy, his acquaintance with 
the character of the Moon's surface is necessarily extremely superficial. Mr. 
Proctor's best essay, entitled ' A New Crater on the Moon,' illustrates one of 
the evils of this system of reprint essays ; for however permissible it may 
have been at the time of writing, it is now known to be founded on a mis- 
take as to the identity of the crater supposed to be new, and states as fuels 
things now known to be quite erroneous. The two essays on the planet 
■» will be found most interesting to the general run of readers, a: 
e very ingenious speculations. 
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ASTRONOMY. 

The Secular Acceleration m the Mean M»ti<m r,f the M<*m.~\a 
Astronomical Sumninry of the last number of t)m Review, reference w« n 
to a i>*[n-r by Sir G. Airy on this subject, in which he arrived at results 
tradictory to those whicli had b«a admitted to be correct by I 
mathematicians of the day. At the same time it wi' pointed nut that tlw 
result obtained by the Astronomer ltoynl was unquestionably erroneous, hi* 
;:■ being vitiated by fundamental errors. The supjJementSLry 
mimVrof the M>mthl<j Notkt* ■•/ the Jtoyal Attrmumitwl 6b 
a further paper by Sir G. Airy, in which, by rectifying most of t 
he arrives at the sarin; result aa that found by Prof. Adorns, and which has 
been now admitted to be correct for nearly twenty years. Curiously enough, 
Sir G. Airy, in his last paper, does not acknowledge his c 
implicitly by giving results diametrically opposed to those of the previous 

Nautical Almanac for 1884.— Tbia volume lis* been jwri ptthlkbed. Like 
the preceding volume, the places of the Moon have been derived from 
fable with the addition of the empirical corrections deduced by 
Prof. Newcomb, and published in 1378. There may be some doubt aa to 
the advisability of introducing these empirical corrections, for they have 
already commenced lo deviate from observation. 

Jupiter. — During the autumn the planet Jupiter has been gtviii 

f considerable activity, and a large number of interesting observations 

> been made.* The famous red spot has faded in colour, and is no 

o vivid as during last year, though it is practically as large and as 

Quite lately, however, it has shown traces of a woolly texture, 

not improbably the incipient signs of iia gradual disappearance. Prof. J idtu- 

r. Schmidt, of Athens, has carefully discussed the obaerretioiu of the 

icr n the apparent central meridian of the planet, with 
K of determining the time of rotation. From the obseri atj 
during l*7!l, he obtains the value— 

ill' *£■ .J4"4^ 
for the time of relation, and from the observations made din 
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• See ah.0 an article by Mr. W. F. Denning in the 
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This coincidence is interesting, as lust year it was thought that the 
motion of ihe red spot was gradually accelerating. From the total number 
of observations he derives the value— 

p 66- 3* 49 t, QHM 
This value differs by S" - 7 from the result of the observations of the 
rotation of Jupiter made during 18G2, when from the observation of a very 
permanent white spot there wns derived the value 
0t< 65-26*68 ± 0-18 
Of late a considerable number of white spot* have made their appearance 
on the dark red equatorial belt. Home, of theiu are beautifully round, and 
icecmble satellites in transit, but others are more irregular, and have a 
woollier aa|)ect. These white spots move considerably faster than the red 
it, i-iiri day showing a marked gain. According to Schmidt, the time 
revolution of these white spots is 

So that they gain thirteen minutes per day on the red spot. This is con- 
firmed by the les-nlts ublnmul h\ 31 r. \V. F, I >h- n m iml.', who finds til" time of 

rotation of three of these spot* to ba 9 b 50 a a*, h 50" 6>, and B* W« 8" 

respectively. 

Towards the middle of I tctober a number of round dark spots, at times 
aluioat black, made their appearance in the northern hemisphere of the 
planet. These spots greatly increased in number, and towards the end of 
November they formed, according to Mr. W. II. M. Christie, a regular dark 
belt. Frimi the observations of Mn^rs, William*, Elger, and Denning, they 
seem to move with (he same velocity as the equatorial white spots, having a 
time of rotation of h 60- 5". According to Prof. Schmidt, however, BUM 
of the black spots umvi- slower than the white equatorial splits. 

Following the red spot there is a pale grayish spot, and also a whitish 
streak; both these seem to move with the same velocity as the red spot 
itself, so that it would seem that the variation in velocity affects the 
different lulls as a whole. 

At Ihe present time, therefore, Jupiter presents an interesting subject 
for critical examination with large instruments, and a good deal may 
he expected to be learned when all the recent observations are critically 

llarttritf't C'uitiet. — This coiin't was discovered liv Herr 1 1 a rtvvg at I he 
S trashing Observatory, on Ihe evening of September 11), 1880, and by Prof. 
narrington at the Ann Arbor Observatory on the following night. It was 
a bright comet, of considerable sine, and for several days during the be- 
ginning "f Ihe month could be easily seen with the naked eye, being a little 
brighter than the well-known nebula in Andromeda. It was not discovered 
until more than three weeks after its perihelion passage, so that when seen it 
was quickly receding from the Earth, thus rapidly Winning fainter, and by 
the end Of the month il had become so faint that it could only be ■.-•■> n in 
ihe most powerful telescopes. It was a bright diffuse comet, with a rounded 
oil a tail nearly two degrees in length. 

after its discovery, Prof. Winnecke pointed out the strong 
ihlntice between its orbit and that of the bright comet of 1500, n 
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expressed the opinion that the two were probahly identical. L*l*t in- 

reatjgations confirmed this view, and stowed tliic t 

(■aenmbled in its orbit the comet visible in the years 144-1 iai 

would therefore appear (o have a period of some sixty-two years. Dr. 

Schar nnd Horr Hartwig, from their investigations, assign to the comet a 

period of 62£ years, and (he following' elements : 

Perihelion passage, 18SO, September 6-5804, Berlin mean time. 
Longitude of perihelion . . . .83' 33' 28" 
Longitude of ascending node . . . 44 33 30 

Inclination of orbit 88 8 66 

Eccentricity of Orbit ODrTM 

Semi-axis major. 1*5796 

The orbit of the comet extends, therefore, beyond the orbit of the 
planet Ktptunc .- but owing to the great inclination of the orbit, it cannot 
be much affected by the perturbation of any of the grealer planet**. The 
comet, however, approaches very close to the orbit of the planet Mercury 
at tii..- uoending node ; and Prof. Winnecke is of opii " 
due to ll.e attraction of this planet that, the comet has been introduced into 
the solar system with its present elliptical orbit. For thiiiii-li 
thy orbits do not approach each other aiiffieiently near to enable (lie planet 
to very importantly affect the motion of the comet, at soma past period 
the two orbits may have been nearly coincident, though now wepnmied by 
the effect of perturbation. 

Su-ift'i Comet.— On Monday, October 11, 1880, Prof. Lewi* Swift, o-i 
Rochester, N.-'.v Yurk, discovered a large ci.met in tin? constullatinn I'egt 
but no observation seems to have been obtained during the bobU 
Europe. (In November 7, 1880, a bright comet was discovered at 
Dun Ecbt Observatory, belonging to Lord Lindsay. A day or two showed 
that tins two comets were identical, and revealed in the 00DsteIl>d0B ZflNrta 
that the orbit of the new comet coincided very closely with that of 
Comet 1860. This comet was discovered by Ilerr Temple, on November 27, 
1869, in the ci mat citation Pegatu* a few days after its perihelion passage, 
and it was last seen at Leipzig on December .list. On Novemk 
it was described h_v Dr. Yogel as a very raint object of CODiidenUe dimen- 
sions, being nearly (!' in diameter. From observations spread over a 
month, Dr. Bruhns calculated a parabolic orbit, whose elements he 

Perihelion passage, 1W0, November 20*854, Berlin n 
Longitude of perib ebon , . . .41* 17'1'V 

Longitude of ascending node . . . 2S12 40 23 

Inclination of orbit (I 55 

Perihelion distance ..... 1*1026 

Dr. Bruhns remarked, however, that ibis orbit did not rln-.lv I 
the observations, ami seems almost to have suspected the elliptic*] ehi 
of the orbit. The close resemblance between this orbit and that calculate 
from the observations made of the comet of IrtSO is shown by the el 
for lliu latter comet calculated by MM. Zelbr and Ilepperger*- 
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PlM lWBO D passage, 18*0, November 8-32108 
Longitude of perihelion . . 42° 7' 
Longitude of ascending node 205 38 
Inclination of orbit . 7 22 



l'eri lie li mi distance 
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win bo little doubt, therefore, about the identity of the two 
r, so that it would give the comet a period of a little lens than eleven 
This would pn 

Eccentricity of orbit — 0-7767 

Semi-niis major . = 4-0352 

The orbit of the comet would npproach, therefore, very close to the orbit 
of Ibe planet Mart, and, what is of still more importance, within 0*5 of the 
Earth's mean distance of the orbit of the planet Jupittr, and not very far 
from the orbit of Satu>it. From its mean approach to the orbil of Afi tt r, 
and from the near commensurability between their periods of revolution, 
UiisgreatpIanetwiIlprodu.ee very considerable perturbation in the motion 

■■ itN.-t. 

Fii'if'i Comet, — Since its discovery by Mr. A. A. Common, with his 
ilit-tor, at Ealing, ibis comet has been observed by Prof. Temple 
at Arcetri, by Dr. Duner at Lund, Dr. Peehiilo at Copenhagen, and Heir 
Von Konkoly at O'Gyalla, The observed place corresponds very closely to 
the Ephemeris, and so affords a striking confirmation of the accuracy of 
the researches of Prof. Axel M oiler. It is a very faint object, and scarcely 

I bin the reach of telescopes of ordinary aperture. 
fliurt* '/ rianft.—Oa December 16, Mr. Francis Darwin rend, before 
the Linncan Society, two important papers, one on ' The power possessed by 
leaves of placing themselves at right .ingles to incident light,' the other en- 
titled 'The theory of the growth of cuttings, illustrated by observations on 
th» Bramble, Jtuimt fruticntue ; ' two papers which, though relating to 
ilitf- l.'iit questions in the physiology of plants, have nevertheless much in 
common. Both of them bear on the relationship between the external 
and internal conditions of life; between external forces, such as light and 
gravitation, and tho constitution of the organisms on which these forces 
act : and both tend to show the importance of recognizing in plants those 
specific forms of sensitiveness which may be said to determine the residts 
which will follow external changes. We have to thank Mr, Francis Darwin 
and the authorities of the Linneiin Society for the following abstract of these 

I. The behaviour of leave? in relation to light may be illustrated by 
the cotyledons of a seedling radish; if it is illuminated from above, the coty- 
ledons are extended horizontally, and are thus at right angles to the direc- 
tion of Incident light. If the seedling is then placed at a window, so that it 
is lighted obliquely from above, and if the stem (kvpocotyl) is prevented 
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from bending, the cotyledons will accommodate themselves to i I 
condiiions by movements in n vertical plane. Tin' cotyledon which p>inr_i 
towards the light will wink, while the other will rife ; and thus both » ill 
become once more at right angles to tike incident tight, 

Two theories have been proposed In account for ibis properly of leavif. 
The first is that of Frank,* who ascribes to leaves, and to some other organs, 
a specific sensitivrv— to light, called ' Traiidi er-ul-L' Ti 
heliotropLsm.' t Just aa an ordinary heliotropic organ has an inherent 
tendency to become parallel to incident light, so a diahcliotropie organ naJ u 
inherent tendency to place itaelf nt right angles to the direction of the light. 
The two classes of organs differ from each other exactly as sni.'i 
rhiiotnee do from ordinary steins ; the rhizome tend.- to extend itself b 
tally under ground, while the stem above the aurfacv grows vertically 
upwards, t 

A different theory has been proposed by De Vries, § whose vie 
supported bj SaehsJ] with additions or modiScationa, Aooofdiiig t. 
news it is not necessary to assume, the existence of any special kinds of 
heliutropi.jm, since the phenomena might result fmm the ordinary forma of 
heUotropism and geotropism acting in concert, Thus, in the case of the 
needling radish illuminated from above, if the cotyledons are ap heliotropic 
(negatively heliotropic) and apogeotropic (negatively gootropic), it i.- possible 
that they might be kept in equilibrium by these opposing tendencies. The 
tendency to move away from a vertical light will make the cotyledon 
curve downwards toward the earth, and the apogeotNpinn, or tandntcc 
to move away from the centre of the earth, may exactly balance, tin- down- 
ward tendency, so that the cotyledons remain horizontal, Bendea tin: 
various geo tropic and heliotropic tendencies, there an other modes of growth 
which may enter into the Combination. In some cases there is a natural 
preponderance of longitudinal tension and growth along the upper surface 
of the petiole, so that, owing to impulses arising within the pint, I 
tendency for the leaf to curve downwards; If this tendency is called longi- 
tudinal epinasty, or simply eplnasty : the opposite tendency U called hypo- 
According' to the theories of De Vries and Sachs, epinasty n 
opposed by heliotropisra, or by apogeotropism and geotropism, and all the* 
opposing fores may combine in producing an equilibrium. 

The object of the present paper is to test the relative values of the two 
above described theories, — that of Frank and that of De Vries and Sachs. 

The method employed was to fix the plants under observation to a hori- 
zontal spindle, wliicb was kept in slow rotation by clockwork. This instru- 
ment (called the ' clinostat ') has been employed by Sachs for the e 
ordinary heliotropisra ; light is admitted parallel to the axis of rota' 



* Die nn'iirHrht VamnekU liirfihuiti iiib PJiaiiZf»ll,i,- 
t Darwin, 7W.vr ■<!' Movemmt in Plant*; p. 1UH, 

I See ' Effrina,' iti Subjr Ailvitat, 1879. 
$ Sachs' ArUittn, i„ 1*72. |l Sachs' .-trifwir- n 

II Or more accurately, in the direction in which the morphological V 
if the petiole is directed. 
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the plants are thus subjected to a constant lateral illumination, while they 
■re (teed from the dktortuog .influence of gravitation; for, owing to th>*ir 
being kept in constant slow rotation, there is no reason why they should bend 
;!'. in one direction more than another.* On the same principle 
the behaviour of leaves which place themselves at right angles to the incident 
light has baen studied. If u plant with borisantajjj extended haves which 
has been illuminated from above, is died on a slowly revolving horiiontal 
spindle. M thai the axis of the plant is parallel both to the axis of rotation 
and to the direction of incident light, we shall have a means of testing the 
opposing theories above mentioned. The plant's leaves will still be illumi- 
nated by light striking them at right angles; therefore if Frank's theory ia 
the right one, they ought to remain in this position. But if De Vriea and 
Sachs are correct in their views, the leaves ought nut 10 be able to remain at 
right angles to the incident light since geotropism 1ms disappeared, which was 
DOSOf tli" t.iidciiri.s neoeaasrj to keep the leaves in a position of equilibrium. 
A emi-il' table number of experiments were made with the celandine (Jianun- 
ru/uji ficaria), the results of which are decidedly in favour of Frank's views. 

Tli.' hiues of the celandine are sometimes extremely epinastic, so that they 
preee against the ground ; and when a plant is dug up it often happens that 
ill.' 1i-.ii.i-, being released from the resistance of the soil, curve nearly verti- 
i.illv <l ■■" ri wards. If such a piant is fixed on the clinostat. in tli-- fftttiffl 
above described, the leaves will be pointing away from the light, so that ir 
the leaves were apheliotropic, as might lie expected according to De Vriea' 
theory, the leaves would remain pointing away from the window. But this 
is not the case ; they move forward until they are approximately at right 
angles to the light, end then come to rest. Again, if a celandine is placed in 
the dark, its leaves rise up so as to he highly inclined above the horizon ; if 
the plant is then placed on the clinoftat, the leaves (which now of course 
point towards the light) again accommodate themselves by curving back- 
wards until they are at right angles to the light. Thus the leaves cannot be 
called heliotropic, or apheliotropic ; we are forced to believe that under the 
influence of light they are able to move in either direction which may be 
necessary to bring them at right angles to the light. The other experiments 
with K.fmria, the details of which we omit, lead to the same general result. 
Besides a few observations on Viria, Cuctirbita, and F/antat/o, a series of 
experiments were made on seedling cherries, and these lend to a somewhat 
different reeult. A cherry -phi nt, growing in the open air, has its leaves 
approximately horizontal, and when placed mi the c linos tat, us abort. 1 described, 
the leaves are unable to remain at right angles to the light, but curve back- 
wards, so as to become parallel to the stem of the plant. The petioles are 
shown not to be apheliotropic but to be powerfully epinastic, so that they 
move in tin- manner described when unopposed by apogeotropism. 

It is clear, therefore, that the horizontal position of the leaves of seedling 
cherries growing normally, must largely depend on the balance struck be- 
tween epinasty and apogeotropism, in accordance with the views of De Vriea 
and Sachs. Ltut since these forces obviously cannot produce the power of 
accommodating itself to the direction of incident light which the cherry 
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* kind uf heUotropistu enters into the 



combination. 

The view to which the present research leads DUB) probtldtSt)' ifl.thet dia- 
l]i'li"i]'.»]ii>[n (tiansverse-beliotropiam) is the really important, influence at 
work. In the case of the celandine we have seen that the s 
light is strong enough to determine the position of the leaves, although the 
natural balance is disturbed by the annihilation of geol 
probable thut an essentially aimilai r-tnte of tliinuM holds good in the case of 
the cherry. When the plant is growing normally, it trusts to epinasty and 
apogeotropism to produce an approximate balance, the final result beitu; 
determined by the stimulus of light. ; but when the balance is di stur bed by 
placing the plant on the clinoHtat, the light -stimulus is not strong enough to 
prinliioi' a 0"iiiiiti"n i'f .■■|iiililirium. 

This view is the same as that given in T/ie Power of Movement in Ftaitt; 
and is in accordance with the principle there laid down, — that the chief 
movements in plants are due to modifications of the circuiumttatorv motion, 

II. When a cutting — for instance, a piece of a willow-branch — is placed 
in circumstanced favourable fir growth, i' produces roots at its lower end, 
while the buds at its upper end grow out into branches. The oipi i 
Vochting* on the growth of cuttings were made by suspending pieces of 
stems and brunches, Ac. in large, darkened jars, the air in which was kept 
constantly moist by alLiiui: uf uvt tilli'i-paptir. TlieeiittiiiL's \vi-r 
both in the normal position, that is, with the upper end upwards, and also 
upside down. Vochting found, en a general result, that there is a strong 
tendency for the roots to appear at the basal end,t and the branches t 
developed at the apical end, whether the cutting had been hung apex up- 
wards or downwards in the glass jar. 

Vochting believes that the growth of roots at the base, and of branches 
at the apex of a cutting, is determined chiefly by an innate mantad 
growth-tendency. When the knife divides a brunch into two cuttings, it 
separates a mass of identically constituted cells into two sets ; one forming 
part of the apex of the lower cutting, and another set which forms part 
of the base of the upper cutting. And under appropriate circumstances oi 
nf these sets of cells might develops into roots, the other into adventitious 
buds. It is Yachting's belief that the, iijorpLnl'igiriil |io.-.ilioiis of these 
sets of cells, the fact of one being at Ihe bate, and the other at the apex 
of a cutting, chiefly determines the course of their subsequent il.iil.p- 
ment. The idea may be expressed somewhat, familiarly, by saying that 
each cutting into which a branch is divided is able to distinguish its ha*- 
from its apex, and can tell when to produce the growth of roots and bud?, 
by menns of an internal impulse which ia independent! of the e 
forces, gravitation and light. 



* Ori/'iiiLiliiiini/ ivi P/lan:r-nrru-A. Bonn, 1878, 
t The basal is that end of a cutting nearest to the parent plant | the 
■pica] end it the opposite end. 

I Vochting states distinctly that gravitation and light do 
h organs are developed in cuttings, but he 
' a stronger determining cause, 
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The tlieonr which Sachs has brought forward in his paper on Stuff 
uitrt Furm der Pftan&norgane * is entirely opposed to tliat of Vbchting. 
Sachs conceives that Yocb ling's ' morphological force' is not a hereditary 
tendency, but a tendency produced by the action of external forces during 
the growth of the formative cells. Thus Sachs believes the force of 
gravity acting on the developing cells of an organ produces on it a pre- 
disposition or enduring impulse, which manifests itself in the results which 
Vikhtiiig ascribes to a hereditary force. The mode in which Sachs believes 
gravitation to act is interest inf.*, not only in itself, butabo as a modification 
of a theory of Du Hamel's. It is assumed that difference of material is a 
necessary concomitant, of difference of form, and that accordingly the 
materials from which roots are formed are chemically (used in a qualified 
sense) different from those which supply the branches. Sachs' theory 
supposes that the growth of roots or buds at a given place will be determined 
by the distribution of the root- and branch-forming materials, and that the 
distribution of these materials is regulated by the force of gravity, The 
root materia] is in a certain sense geo tropic, and flows down wards, the branch 
material having the opposite tendency. But they are not supposed to be 
simply geotropic ; the tendency of the root -mate rial to flow to the base of a 
branch is carried on after the branch has been made into a cutting, and hung 
upside down, so that the root material flows upwards toward* the base of 
the cutting, because that end was originally downwards, and nice vertd with 
regard to the branch-f orming matter. 

The observations on the bramble, which form the subject of the 
present paper were carried out with the object of deciding, for a particular 
hex the growth was determined by a morphological force, or by 
the after-effect of gravitation. 

The long sterile shoots of t lie bramble are well known to possess the power 
of rooting at their ends. The terminal bud is thus protected during the 
winter, and the store of nutriment contained in the club-like thickened end 
of the branch forms a starting-point for new growth in the spring. It is 
commonly the long pendent branches growing vertically downwards that 
reach the ground and form roots. It might, therefore, be supposed that 
graviration determines their growth at the lower end of the branch, just as, 
in a cutting made from an erect willow-branch, the roots grow at what was 
originallythe lower end. But observations made on brambles under certain 
circumstances show that this is not. the case, When brambles grow on a 
steep bank, the majority of the branche-* grow d'iwn-hiU at once, or else 
straggle more or less horizontally along the bank, and finally turn down- 
wards. But a certain number of branches grow uphill, and some of these 
take root at the apex. When, therefore, we find on the same individual 
plant some branches forming roots at the physically lower, and others at 
(he upper end, we may feel sure that the distribution o root-growth in the 
bramble ia not determined by gravitation or its after effect. We must 
Mtorathai there is a morphologically directed impulse which tends to the 
production of roots at the apex of the branch, whether the direction of its 
growth has been upwards or downwards. It is true that in the observed 






• Arbeiten des BoC. Just. Wiirdttrg, 1680, p. i 
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ie end of the branches was l>™t. .-■> that txata 1 to inches 
waa inclined at from 2" of 8* I" 5" below ibe horizon; hut it can hardly t.- 
iiii!_-iin I th-it ilii- fart influences the growth of roots at the tf*X, snd 
experiment ihowB that ii is nol neocotary thai oven b singls inch ihottJd l-> 
inclined below the horizon. A bramble branch was . i ■ 

vertical Stick, ami wee surrounded by damp moss, and covered with water- 
proof cloth ; under these circumstances a plentiful crop of roots sprang from 
the terminal pail uf lht> branch. This result, combined with i 
made with brambles growing on a sleep bank, shows oonpliiail 
internal impulae or morphological force regulates the growth of roots in the 
bramble. 

When a cutting if, made from a bramble, the only growth that takes 
place is the development of the axillary buds at the apical end of tin 
Under certain cjreumatancas these side shoots take on a root-bearing function. 
They are Blunted in growth, being perhaps 10- 12 mm. in length, and 'i or 
4 mm. or more in breadth: they iissuine a peculiar cluWikeform, being thicker 
at the apex than at the base, and are clothed with rudimentary scale-like 
IMVM, from among which a number of relatively large roots, spring faltfc 
In order to determine whether the production of this root-bearing type of 
shoot is determined by gravitation, or by a ' morphological farce, 
; i'l'niii branches whose direction of growth was above \h 
Such cuttings were hung apex upwards, and it was found that the most 
apical bmla were capable of developing, under these circumstances, it 
root-hearing type of branch. Similar rooting side-shoots are produced by 
Cutting! made from branches which have grown beneath the horizon, and it 
i- I berefore clear that gravitation is not the determining force in this form 
of root production, When the end of a branch is injured, as often 
occurs when a bramble grows along the ground near a pathway, the most 
apical bud or buds produce branches which take root, instead of 
branch; either an ordinary branch i- produced, which after a ra ' 
of time makes roots at its extremity; or under certain circumstances the 
stunted, stub-shaped, root-bearing side shoots maybe devel .jvd, v. I,..-, m j: 1 , 
formation ii devoted to the bearing of roots. It is therefore clear that lite 
production of such shoots in cuttings is the same process that 
branches injured in a state of nature — a process which enables the branch 
to perform the function whose normal performance has been 
with. And this fact enables us to see in what way a DOTpbslOfpOtl 
growth-impulse is better fitted for the requirements of the case than any 
possible dependence on gravitation as a guiding force. When the end of the 
branch is injured, it is clear that if a branch is to be developed to caiTy o: 
the function of the injured apex, it will have the best chance of success if i 
starts from the position already gained by the end of the original branch 
liH'niv ii was injured. Therefore the bud which is nearest to the injured 
■pi will be the most suitable one to be developed into a new branch. And 
this is equivalent to saying that the place where the new develop 
take place is determined morphologically, and not by gravitation. 

Thus in the bramble the behaviour »f cuttings is a n 



' See Vtichting, Orffunbiltlun/j, p. 10". 
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normal process of restoration of a deranged f unction in the plant ; how far 
this is the case with other plants must remain at present undetermined. 

Znrfueiitr of Light upon Germination. — M. A. Pauchou has made a series 
of experiments redetermine whether light lias or has not any influence upon 
the germination of seeds. From various disturbing causes, his first experi- 
mente by the direct method gave no satisfactory results; he therefore 
adopted another plan, and compared the respiratory activity of seeds sub- 
mitted to different conditions of light and obscurity, measuring by their 
absorption of oxygen. Taking identical parcels of seeds, of equal number 
and equal weight, he arrived at the following conclusions : 

I. Light constantly accelerate* the absorption of oxygen by germinating 

I seeds. The advantage in favour of tight varies from one quarter to one-third 
of tie amount of oxygen absorbed by the seeds kept in the dark. 
•2 There is a relation between the degree of illumination and the amount 
of oxygen absorbed. The influence of light is very manifest under a clear 
«ky and bright sun ; with a cloudy sky it gradually decreases. 

S. The acceleration produced by exposure to light persists for some 
hours after the exposed seed* are in the dark. 

4. The difference in the quantities of oxygon absorbed in light and dark- 
ness are greater in winter than in summer; hence it would appear that the 
influence of light upon this respiration is more intense at low temperatures. 

In a second communication, M. I'aucliuii (rives the result* of a series of 
experiments in which hu determined the amounts of oxygen absorbed, and 
of carbonic acid exhaled, by identical parcels of germinating seeds in the 
light and in obscurity, thus ascertaining the different values given by these 
conditions to the fraction -g- . His experiments were made upon two 
eeeds of opposite types — the oleaginous and albuminous seeds of Ricinui — 
and tbe starchy and non-albu tuitions seeds of the Haricot. Ilia conclusions 
are as follows : 

1. The quantity of oxygen absorbed was, as before, always greater under 
the action of light. With the Ricimta the amount of carbonic acid exhaled 
was a little greater in obscurity than in the light; but with the seeds 

f Piuueolut nadtifioruB the result was different. 

2. In obscurity the relation -— was, with the Haricot at least I, above 
rat ascertained for the Iticimn. With the bitter it attains (b58 in an 

ient suspended on the fourth day, and 077 in one lasting five days. 

A ith tli" Haricot I he relation is 1-14 in four days, and 1*0:1 after the sixth 

The prolongation of the experiments tends to render tho relation -q- 

ii unity, whatever may have been its original value. 

8. Comparing the relation - in n single experiment, there is always in 

.Inrkneas an advantage of about 4, in the value of this relation, 

. for the same amount of oxygen absotbed, seeds' placed in darkness 

■| more carbonic neid than lliose in light — sometimes, indeed, the 

.•luii' i|iiantity exhaled in light is lew- than that set free in darkness. In 

r lik'bt there i.- aliiajs Kiss carbonic acid exhaled than oxygen absorbe" 

i- the case in the dark. 
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4. These facta explain the conversion of legumine ii 
Aspnragine in leguminous plants only disappear* in plants exposed to t 

ight. Pfeffer's researches have shown, that osparagine is poorer in eaxbOB 
and hydrogen, lutd richer in oxygen than legumlne and atiu 
materials. The transformation of legumine into asparagine onlj tahet 
place in the light, because this accelerates the ahsorption of ■ 

his condition would not suffice if the carbonic acid exhaled mm 
quantity than the oxygen absorbed. A part of the ov- . 

n the exhaled carbonic acid, is probably fixed by the albuminoid 
during the formation of asparagine. — Cuvtptetllendu*, %8th Octa 
November, 1880. 
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The Liquefaction of Oztme and its Cebntr in the Gaston* State. — 
such as one usually prepares, possesses so little tension in oxygen, at nut 
G3 mm., that the physical properties of this body are hardly known and dis- 
tinguished from those of oxygen. One knows tin- difficulties which Soret hu 
so ably overcome in detenu ini 'is the den-Jit v "f n/nri" by "pernting on weakly 
ozonized oxygen. One of the fixed physical properties of this body is it 
heat of formation, which was accurately determined by Barthetot, in spite .if 
the state of dilution in which it is found on leaving the apparatus for o 

The preparation of a mixture, very rich in ozone, is then the first condi- 
tion to be fulfilled in order to acquire new notions of this curious tody. 
Hautefeuille and Chappuis have already established the fact t bat the isomeric 
transformation of oxygen submitted to electricity, obeys simple laws, and 
that the proportion of ozone increases but very little with tbe pressure for 
every temperature; whereas, in passing from 20° to — ty>°, T 1 1 ■ - proportion 
ozone increases five-fold. Removed from the action of electrical discharges, 
the mixture of oxygen and ozone ceases to be a homogeneous and balanced 
system; in spite of that, tbe mixture is preserved without appreciable altera- 
tion so long as a constant temperature is maintained, if we operate on it 
below 0°. This relative stability of oione allows us to compress the mixture 
and to obtain thetensions of ozone of several atmospheres. 

As it is necessary to prepare ozone, destined for these experiments, under 
the Strongest possible tension, one must ozonize oxygen at a very low tempera- 
ture. Consequently the oxygen remains a quarter of an hour in an apparatus 
of alternating discharges, whose concentric tubes of thin glass are dipped 
into chloride of methyl; then one passes it into a test-tube, terminated by a 
capillary tube of the Cailletet apparatus. Tliis reservoir, of about OOce, at 
first empty and kept at -23°, not being able to fill itself at onetime under a 
pressure approaching 700 mm., is put rapidly in communjcal 
successively, with the electric apparatus, the capacity of which cannot ex- 
ceed 20cc. In a quarter of an hour, one succeeds, by this method in filling the 
test-tube with a mixture of oxygon and ozone, veTy fully charged with the 
latter gas. The test-tube i? then taken away from the chloride of n 
and separated from the electric apparatus, and the gas which it B 
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driven slowly back by mercury, cooled to 0° inn capillary tube maintained at 
-23°. Tbe mercury, which transmits the pressure of the hydraulic press, does 
Dot impoverish the parous mixture as quickly as one might fear. A solid 
glaze is formed on the surface of the metal which rapidly limits the action; 
the heating of the gas during the compression ia more formidable. In spite 
of these difficulties one succeeds in increasing the tension of the ozone to a 
considerable degree. From the first working of the piston, the capillary tube 
becomes of an azure blue ; this coloration i- iutriisiticd in' proportion as one 
reduces the volume of gas ; and if the tension of the ozone is brought by the 
eompmetdon to be one of several atmospheres, the gas is indigo blue, and the 
meniscus of mercury, seen through the gas, is then of a steely blue. The 
blue colour of tin? ga.s bcooH'sless intense, and the mercury regains its usual 
metallic appearance, as soon as one diminishes the tension of Ibe ozone. 

The preceding mixture contains enough ozone for one to observe a thick, 
white mist at the moment of the e-vpansinn which succeed* n comprcf.-ioii of 
75 ■IllllUpImilW It is not then necessary to compress the ozonized oxygen as 
much a* pule oxygen (300 atmospheres) in order to determine by a sudden 
expansion the momentary formation of a mist, a certain sign of iiqucfncl inn 
or even of solidification. 

A comparative study of the mixtures of oxygen and ozone, and those of 

u and carbonic acid, shows that in very oomparabla conditions the ex- 

n ought to be sensibly stronger with the ozone than with the carbonic 

.rid, for one to begin to perceive a mist. Ozone would then be a little easier 

o liquefy than carbonic acid. 

Thy mixture of oxygen and ozone contains an explosive gas, and should 
rays be compressed slowly and Cooled; for if one does not not meet these 
diiions, the ozone decomposes with an escape of heat and light, and there 
i* a loud report accompanied by a flash of yellowish light. 

Ilertlielnt has found that t lie transformation of wygen into OMM absorbs 
4 caL, equivalent to *(0' = 24 gr j ; ozone may therefore be placed beside ex- 
plosive gases ; the experiments show that, like them, this hi.nly is susceptible 
of sudden decomposition. 

Out may also observe a portion of these new facts by comprising 
oxygen which has gone slowly through the electric apparatus at ordinary 
temperature ; for if we compress this gas rapidly in a capillary tube, placed 
in aome water at 85°, we often destroy the ozone with explosion ; but if this 
same gtta is cooled at -23°, the ozone which it contains may be brought to 
■ tension of 10 atmospheres, and may be preserved for hours in these Con- 
; temperature and pressure, if the gas is separated from the mercury 
■ton of sulphuric acid. 
It is ascertained, than, almost equally clearly as in the preceding experi- 
ment, that ofone ia a gas of a beautiful azure blue, for its colour ia so 
intense when one increases its density tenfold, that it could be seen in n 
tube of 0" - 001 internal diameter, when operating in a very poorly lighted 
room in the laboratory of 1'EcoIe Normale. 

It i- therefore established that ozone under a strong tension is a coloured 

gas : bur may the same be said of ozone ut the tension of some millimetres P 

The blue colour characterizes ozone as surely as its smell; for at all the 

|i le&uona we find it on examining the gns to a sufficient depth. It suffices in 
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order to make this manifest, to interpose between the ere and a whi 
face a tube of 1 m. in length, tiaiotned by the current which has 
through the electric apparatus of Fieri helot. Tin' colour which the gas then 
possesses reminds one of the blue colour of the sky ; this blue is more or less 
deep in proportion to the lime the oxygen has remained in the apparatus, 
and is consequently more or less rich in ozone. As soon as one stops the 
electric tube, the coloration disappears, the ozonized oxygen being replaced by 
pure oxygen, 

ire at nigh Temperature. — A short communii-.ntion on this subject to the 
Chfmiral Xeii'i by T OnmeUey (vol. xlii, 130) draws attention to the follow- 
ing points. Numerous experiments which have been made during the last 
weeks on the boiling-point of bodies under reduced pressure have led to tl 
follow inp conclusions respecting the conditions which are necessary for 
body to exist in the fluid condition. They are as follows: (1 i hi order to 
convert a gas into a liquid, the temperature must lie below a certain point 
— a point which Andrews termed the critical temperature of the substance 
otherwise no pressure, however great, is able to convert the gas into aliquid ; 
and (2) in order to convert a solid body into ft liquid, the pressure muat be 
above a certain definite point, which the author proposes to call the a ii i' '^1 
pressure of the substance : otherwise no temperature, however high, is able 
convert the substance into illiquid- If the second condition dedw ■ 
above is correct, it follows that, when the required temperature is reached, the 
conversion of the body into a liquid only depends on the pressure applied 
so that if we keep the pressure <n a sulistfine" below this critical pressure, no 
amount of beat will convert it into n liquid. In this case the solid substanue 
passes directly into a gaseous condition ; in other words, it sublimes without 
melting. When this conclusion is arrived at, it is easily seen that, if this 
representation is a correct one, it la possible to keep i' 1 '- Id I 
ice at temperatures which lie far above the melting point. After a great 
number of experiments which proved to be failure?, Ciriii-!te\ i. 
fortune to attain the desired result, and to keep ice at so high a temnexttaM 
that it was impossible tij toiu'li the tube which h<:ld it without burning one- 
self. This result has been obtained many times, and with great ease ; and 
nut only this, but in one case a small quantity of water was froten in a glass 
vessel, which was so hut that it could not he touched by the hand without 
burning it. I have kept, he writes, a quantity of ice a eonridomble time at 
temperatures which li>< fur ulmve the ordinary ln'iliii-- |-iiiit. mid then it .-lowly 
sublimed aw-ay without first melting. These results are arrived at when the 
kept down below 4'G mm. of mercury, that is to say, below the 
tension uf aqueous vapour at the freezing point of wntel . Ol bi ■ 
show the same properties. The most remarkable is tin-n-n" i ■ - ■'■!■ 
■ ■ the pressure need on U 1»- rediiet-d tn -L'Oee. Jl'd,- 
ftllnw.'d to rise higher, the chloride immediately becomes liquid. In the Ctta 
of water, there are certain details of manipulation which reqou 
and which nill be OORUnunicaied in a second paper, 

Hltthrir't I'r u..!,:;,h;,. ',..,. \VI].' l.'-Il..- u ritl_- tl,. 

which he gave the name of or) ihydrate* They Kb definite hjrd 

salt-, in i/tieftj.iu, which have « Livd s.'li.lil'. int' and melting [* ■ 
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ieh he considers the salt to be in chemical combination with the ice. In 
1S77 Pfttiindier showed, from theoretical cooddentkaiB, that the properties 
which Guthrie found the cryohydratea to possess occur in the same way in 
the case of a mixture of ice andsalt.audas^uch ho regards thecryohydrates, Of 
the same view U II. Offer in a paper which contains the following ciwJu.-ii.ina 
against the existence of cryo hydrates as cbemicaj compound* Against the 
possibility of a chemical combination existing in these bodies is the relative 
quantity of water found in them, The crvohvdrnti>s. of NH^Cl contain Iil'4 of 
water ;"that of KC1, 16-R1 ; that of Na, CO.", 02-75 ; that of K, SO„ 114-2 of 
water, and so on. He finds throughout nunil>era which give expression to 
no stochiometric law, and with much greater probability indicate mechanical 
mixtures. Furthermore, there is the circumstance that no cryohydrate, when 
becoming solid, fumi>h>-s n di.-tim-t definite cr\ -tul, wliicli. ns is well known, 
■s quite characteristic of a chemical compound, but yields in each case an 
opaque, entangled, crystallized mass. 

If cryohydratea are pkcisd in alcohol, it is found that tlie ice ia dissolved 
out of the substance, beginning of course with the outer layer; and the salt 
Kauuna Ma, down like ahull of the inner unc hanged cry ohydrate; only after longer 
action did the entire mass fall to pieces. If, on the other hand, a cryohydrate 
U placed in water, the outer layer is, first of all, changed into transparent ice ; 
this coating of ice increases at the cost of the ervo hydrate kernel, step by step 
inwards, until at last the kernel vanishes, and a piece of ice the same size as 
the cryohydrate remains. Here the water has evidently gradually taken up 
the salt from out of the mi Mure. In the case of fmir different I'l-ylndr.ili-s 

calorimetric determinations of the heat of solution were made, and the cooling 
observed in each case compared with those which, under similar conditions 
of temperature, salt and ice of the cryohydrate alone would furnish. In all 
experiments, the difference between the heat absorbed by the cryohydratea 
and by the constituents separately is so small, thai they were within the errors 
of experiment, and may be estimated as nothing. Herr Offer determined 
the specific gravity of a number of crvolmlratia, and compared them with 
that of their constituents, and in a whole series of cases found a pretty good 
accordance. 

These results, while not fully proving the cryohydratea to be mere mix- 
tures, yield results which, taken with the others above referred to, give to 
the assumption a great degree of probability. (Sitzungtber. UTen. Akad.der 
Wits. 1880. lxixi. 1058.) 

Fire Ej.-thuli-n.Some comparatives experiments have been made on a 
plot of ground adjoining the Savoy, strand, with water and sodium silicate, 
as recommended by Herr Wmdispurger. Two piles of timber, 9 ft. long, 
T ft. high, and 4 feet deep, were filled in with straw, well saturated with 
petroleum and benzol in equal quantities, and ignited. After burning 
for five minutes, operations were commenced by throwing water ou one, and 
sodium silicate on the other, with a haodpump. In tho course of about one 
minute the fire treated with tho silicate whs est in^uishid, while that treated 
with water did not give in till about four minutes. And it waa further 
found that twelve gallons of the solution and twenty-two gallons of water had 
been used. The results of the experiment were most conclusive. 

The Conditions attending Explosion. —It appears that when the rocket 

IIKTY SEMES, VOL. V, — so. xvn. o 
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exploded during the second week of December ut the Royal Arsenal, 
wich, il wu already fully charged, Bnd the maximum pressure hart been 
applied in -afety. It is the custom, it seems, however, to left ve the pressure 
(in i hi' jTM.-li.-i fur one minute nft*r reaching the maiiinura, HEd it had been so 
left for three quarters of a minute when the explosion occurred. Tin- anal 
conjecture thai mefa accidents are produced by an atom of dirt, the friction 
of the tamping tools, or any such causes, are therefore untenable in thin 
case, and the origin of such explosions remains unknown. In Futon the 
rockets are to be tilled and pressed in a bomb-proof room, and the men em- 
ployed on the work are to be protected by iron shutters from any ini-lmp. 
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iJeumal 



Spirifer la i '7s, .Vr;,- -I'r.if '. U.S. Williums communicates toSitfimmt'tJe 
an abstract of some researches made by kirn upon the Spirifer Itvit of thi 
Portage group of New York, and its relations to other forms occurring ii 
other groups of Pahuozoic rocks, His remarks are interesting as illustrating 
in a very remarkable manner the affiliation of so-called species in 
formations, detailed examples of which have rarely been so nVinfl] pal 

The more important characters of the species are difltrUnrb 
Williams under the following seven heads :— (1) Form and proportions of the 
shell; {3) size ; t^ii prominence and over-arching of the beakj (4) tin 1 inori 
and high cardinal area ; (5) the triangular aperture covered by an arched 
pseudo-deltiliuui; (ti) the smoothness (non-plication) of the surface; (7) the 
concentric series of minute radiating lines covering the surface. The last 
peculiarity hn- nut previously been recorded as characteristic of the species, 
nor has it been noticed by writers on Devonian Bracbiopods. 

By careful comparison of characters, Prof. Williams arrived at the result 
that n genetic relationship exists between Spirifer ImvU and S.Jimbriatut, 
which occurs in the Hamilton and earlier formations. Then, tracing back 
the forma exhibiting the peculiar combination of characters which appeared 
to be essential to the two species just mentioned, he found llw earliest trace 
of them in the Niagara formation at the bottom of the Upper Silurian. 
Hero the central type of the primitive species is S. critpu*, His,, oF which 
S, bkoslatui, Hall, is probably an extreme variety, and $. sulcafus, His. 
extreme variety in the other direction. Spirifer eritptu, with corresponding 
varieties, is very abundant and very widely distributed, occurring nt the 
horison indicated wherever that is represented. The author also tntwd thi' 
type of Brachiopods forward to Spirifer glahcr. Mart., and a) b< 
ferous forms. 

The following is an abridgment of Prof. Williams' conclusions: — What- 
ter theoretical description we may give to species, we have here, in tha n'i t 
plftce, an abundance oE organisms whose remains are found in Upper Silurian 
rocks of Europe end America, presenting a few clearly marked, diMucfaVn 
chnructcrs variously developed b the individual forms, but so grading in the 
different varieties as to cause careful naturalists to associate them 
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of a single specie*. There are well-marked typical character?, with great 
variability of the characters themselves. In the upper part of the Upper 
Silurian, we find the Bams typical characters, with a greater predominance 
of one or other of the variations ; hut yet, in the Coniiferous and Hamilton, 
the main type is represented with some variation* strongly miulicd nml 
apparently fixed, hut still recognized as varieties limply. In the Portage we 
M, under peculiar condition, a solitary race with greatly exaggerated sine; 
• luvuriant form, but still presenting the typical characters of the Becond 
varietal type. The name luxuriance of growth characterizes the Carboni- 
ferous forms ; hut the ear licet form, S. crinjnw of the Niagara, possessed all 
the characters which after wards appeared in the later representatives. Thus 
the whole may constitute a physiological species; hut hy intercrossing and by 
local conditions modifying the offspring, w.-11-ili-ti n.-il groups are produced, 
which would he called races if we knew their history, hut which are called 
species because they appear at such widely separated geological periods. 
Then separate groups, however, devebipe no new c Aar aot en : and there is 
every evidence for the belief that the species has lived through tliis long 
geological time without losing its character, and that all that has resulted 
from great time and change of conditions has been the fixing into race-groups 
of the original variable characters of the species. The. species, at its first 
appearance in the Silurian, presented a decidedly new combination of cha- 
racters for the genus, and also much variation. When once these specific, 

1 1 gh Variable, forms appeared, they lived till the variations which could 

hi plattd en them were exhausted; and the aperies cowed to live and be- 
came extinct, either near the close of the Carboniferous, or not till later 
in the Mosozoic. Prof. Williams gives the following table of the distribu- 
tion of the forms above referred to in the American Silurian, and Devonian 

Cbemnng .... pramaturus 

Portage ltevis 

Hamilton fimhriatns . . . subumbona 

'.'■■ruifermis fimbrintlis 

Oii>l.imv . . tribulis .... 

{N.Y.&Tenn. . Saffordi (pars) 
Lower 1 Maryland . . octocostatua . modestus 

Hrlderberg 1 New York . . cyclopten»(pars) , . ■ 

' New York . . Vanaxemi . . . 

Vim _ iSM- 

""tf*™ ) Limestone . . snlcatus (pars) , 
— (.Amcr, Journ. of Science, December, 1880.) 

Qritt iimi Nitiulnf-jie*. — Mr. John Arthur 1'liillips brought before the 
Geological Society, on the 15tb December, a very interesting and valuable 
paper on the structural characters of grits and sandstones. Ho described the 
microscopic and chemical structure of a large seii?a of grits, sandstones, and, 
iotome cases, quartiites, of vai icLio getdngieal a^-es. untieing finally several 
sands of more or less recent date. The cementing material in the harder 
larioties is commonly, to a large extent, siliceous. The grains vary con- 
ndrrably in form and in the nature of their enclosures, cavities of various 
bods and minute crystaL) of schorl or rutilc not bein^ rate. Utt. Tfoffivvj* 
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drew attention to Hie evidence of the deposition of secondary quartz u|*n 
origins] grains, so as to (naturae their crystal structure, which sometime* 
exhibits externally a crystal form. Tliis is frequently observable in sand- 
stones of Carboniferous, I'ermian, and Triassic age. Felspar grains are cot 
(infrequently present, with scales of mien and minute chlorite and epidote. 
The author then considered the effect of flowing- water upon transported 
particles of sand or grovel. It results from his investigations that frag- 
ments of quartz or schorl less thau ^," in diameter retain their angularity 
for a very long period indeed, remaining, under ordinary circumstance*, on- 
rounded ; hut they are much more rapidly rounded by the action of wind. 
It is thus pro bit bit.> that rounded grains of this kind in some of the older 
rocks, at, for example, certain of the Triassic sandstones, may be the result 
of ./Kuban action. 

Abnormal Otological Deposits in the Bristol Dittrict.— On the 17tli 
November, Mr. Charles Meore read a paper ou certain curious deposits in 
the country about Bristol, which may be regarded as a continuation of 
researches published by him some thirteen yea rs ago upon similar pheno- 
mena in the districts of Somersetshire and South Wales. 

The author remarked that the Frome district shows numerous un- 
conformable secondary deposits and ' vein-fissures ' resting upon or passing 
down through the Carboniferous Limestone, as described in bis former 
paper (Quart. Journ. Geol. Sue. vol. xxii. p. 4411). He gave some further 
particulars as to these deposits, and especially described the occurrence of 
Post-pliocene, Li assic, aud Rhietie d>'|m.its in the J/ttWetto-quairy near 
BbeptOB Mallet. Here (he lower part of a fissure is filled with a brown 
marl, continuing crystals of carbonate, of lime, aud numerous remains of 
Arckolcr, Fitgs, Birds, and Fishes. The jaws el 
abundant. 

Ho then proceeded to describe the occurrence of similar phenomena in 
the Bristol area, as at Durdhain and Clifton Downs, in the gorge 
at Clifton, at Ashton and Westhury-on-Trym, in the Yate rock, in Nettle- 
bury quarry, at Clevedoo, and on the Thorn bury railway. Hie 
occurrence in the inlillings of fissures traversing the Carboniferous Lime- 
stone of these localities of fossil remains belonging to various geological 
ages; and he especially called attention to the presence in different deposits 
of an immense number of small tubular bodies >.>f doubtful origin, for which, 
should they prove to l«i of organic nature, he proposed the name of TubuttUu 
ambij/uu. By different authorities these little bodies have been assimilated 
to Serpuke (FUognmo , insect-tubes, and the casts of the fine roots of plants. 
With regard to the age of the fissure-deposits, the author remarked that 
although in some fissure .1 tile mulling shows a mixture of organisms, in moat 
civwb each ' vein' appears to have an individuality of its own, and thus the 
veins represent intervals of geological time clearly distinct from one 
mother, different fissures showing infilling* of Alluvium, Oolite, Lias, Khactic, 
and Keuper beds. The presence of his TubvttUti he considered to indicate 
fresh-water conditions. 

The author also referred to the discovery of Tkecidontosttumi and 
MaMMMrtM many years ago at the edge of Durdham Down, aud discussed. 
tie ago tit the deposit containing them, which was originally supposed to be 
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Permian, and was referred by Mr. Etbcridge to thy Dolwnitie Congtomenta 
at the base of the Keuper. The author stilted that he had found remains of 
the same genera in liti:utie deposits at Holwell and Clifton Down, and had 
hence been led to refer the two genera to that age. He stated, however, 
that be had dnt discovered teeth of Thecodo*tt>tawiu identical with those 
of the Bristol urea in a deposit belonging to the middle of the Upper Keuper 
ot IEuUhtim near Taunton, and recognized certain differences between these 
teeth and Ihoee of the same genus from the lihretic beds of Holwell ; hence 
he was led to give up the notion that the former were of Ithictic age, and 
v. nfst iln'iii to the Upper Eeupar; bm he remarked upon the interesting 
fact that, while most of the generic forms of the Keuper are represented in 
the Bhittic, the species differ. 

A CrttamM* -Snake. — Hitherto the Brat indication! of the existence of 
Ophidian reptiles have been obtained from the earlier Tertiary deposits, 
especially the London Clay of Sheppey, from which Prof. Owen described 
two genera of these animals under the Dames of Palictqihii and Paleryx. 
M [I. K. Sauvage hn^ oomaianicated 1" the French Academy (Comjttrt 
Rendu; 18th October, 1880) the discovery in the Cbarente of vertebras of a 
snake in sandy deposits of the Cenomanian epoch ; that is to say, of the age 
of our Upper Greensand, The vertebras are about 14 millini. in length and 
are considered to indicate a serpent aliout 8 metres (10 feet) b'ng. M. 
Sauvage briefly describes the characters of these vertebras, in which he finds 
resemblances to Bnai, Rattlesnakes, and Typhlopidie, and esprciully to the 
the latter, which mav bo regarded as indicating the pans-age f rom the Serpents 
to the lizards. He gives the new C»etaceous Ophidian the name of 
Siw/li'ijAit Roeh Arum, in honour of its discoverer, M. Tremaux da 
Itochebriine. 
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Sjiudumene and the Senults of tin Alteration.— This is the title of a foi 
paper by 0. J. Brush and E. S. Dana (Amer. J'jurn. Sci., 1*80, October, xx, 
867), OD the mineral locality at Branch ville, Connecticut. Spoduiuene of this 
locality occurs in large musses, showing distinct cleavage, but seldom any ap- 
proach to crystalline form. The blocks often weigh several hundred pounds. 
It is also found in an altered condition as nuclei of di-liiiet pKCudomiirphous 
crystals, and one mass measured three feet in length, with a width of eight 
inches and a thickness of two inches. An analysis of a specimen gave 
numbers : — 

Silicic acid 64"25 

Alumina 27*20 

Iron peroxide 0'20 

lithia 702 

Soda 089 

Potash Trace. 

Ignition 024 
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The litlrim is in larger quantity than in specimens of tpod a 

*ny other locality. As a result of the alteration of the h)...<s.. 

substances were found, one, which the authors tern 

made up of sJbite and a new lithium miner! 

name of IHryptiU; and the other is cymatolite, an aggregate of 

. Km.'! vp;ii.; dissolves with gvlatiiiizntimi in hydrochloric acid and 

has the composition LL, Al 3 Si, 0„ and the allwte Nn, Al, Si, M . 

The cymotnliie received i(s nam.', in 1807, Cram Bhepud, having h 

found at Goshen and Norwich, Mass. The specimens found by the author* 

of Uiis paper have the cum position : — 

Silicicacid ■ :"■■'.". 

Alumina W-S8 

U ■■!/.: i. im anils ..... 0-07 

Soda MS 

Potash ;i :!4 

Lilian 017 

Water . . 

100-28 
This baa the composition of one moltcnk muscovir- 
albite, which is curious. With these miiwralil 
composition: — 

Silicic acid 64'55 

Alumina 1070 

Potash 16-6S 

Soda DM 

Ignition Oil' 

10057 
This is largely used for making porcelain ; it is obtained in cleavage m 
as large as can be handled and nearly pure, a single continuous cleavage- 
surface ten feet long lias been observed. After describing the killimte found 
associated with these minerals, we have some interesting speculations en 
relations in nietliod of occurrence between the various minerals produced by 
the alteration of the ■podnmene ; and the genetic relation between the original 
spodumeue and the varioua products of its alteration, concerning which we 
must refer the render to the paper ii.-eli. 

lWkhamite. — This name has been given by Dr. Lawrence Smith, of 
Louisville, Kentucky, to a new meteoric mineral occurring in the Enii 
County meteorile. When broken, this mineral has a greasy aspect, an 
more or less perfect cleavage, and its yellow colour has a greenish hue. 
structure it differs widely from olivine, as may be seen under the raicroncope. 
Small rounded nodules, several millimetres in diameter, arc found 
teriorof the mass, sometimes of irregular form, from which fragment! Detrrj 
pure can be detached. Its specific gravity is '•i'i'A, and ohemical oompoeition 
was found to be :— 0-<-rgm. 

Silicic aotd . . «*60 4*69 26-73 
Iron protoxide . 1*^88 17 01 .; :: 

Magnesia . 33*01 SS-61 12-70 

Oe-20 80-11 
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tios above give very closely tbe formula, 2 Si R + Si K,, being 
o stoma of enstatite or bronzite plus out- atom of olivine. Tbe 
named after Prof. l'eckham, to wlium the author is indebted for 
r facility in prosecuting his researches in connexion with this remarkable 
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Ejaininiitum of the Tied I'r/gjiar of the Granite from Lyme, Comu—h. 
fragment of the beautiful coarse granite from tbe HoOmdy quarry at Lyme, 
Conn., was given by l'l-of. [(Like to M. lies Cloizeaui fur optical study. He 
finds it to be a true microdine, but iif an altogether peculiar structure, for the 
study of which the ordinary magnifying power is not sufficient, the con- 
stiid.'iit porta being exceedingly minute. The face of every cleavage shows a 
series of very small spots of albite, interspersed with heiuitropic plates of 
lierocline, tbe angle of extinction of which — not easily determined with 
a — is 13° to 16°, measured from the edge between the two 
vage-faces. Across tho second cleavage, the structure is, as it were, 
fibrous, and, with a high power, tbe angle of i-stim'tinn i> f.uiiid to be from 
7 to 9 for the microcline, and from 16° to 20° for the albite, ' I have never 
before,' he writes, ' met with a felspar with (he elements so crowded together 
and so fine.' He hopes the proprietor may be able to supply some fragments 
of Ibis beautiful granite. An examination of such specimen* would be of 
great interest on account of the enormous size of its felspar individuals. 
I Amw. Journ. 8c*., 1880, October, si. 335.) 

I PHYSICS. 

Effect* of Ufaynetism on Iron and Steel. — According to some recent 
■stigations by Prof. Righi on tbe effeets of magnetism on iron and 
steel, (1) magnetism produces in iron and steel an increase of dimensions in 
direction of the magnetization. (2) On cessation of the magnetizing force a 
part of this increase remains, and more or less of it according to the coercive 
(3) The elongations are proportional to tho square of the current's 
tensity when this is not very great. (4) When, after a strong current 
jugh the spiral, a weak current is sent in the opposite direction, it produces 
■ shortening ; but even when it is strong enough to ili'iiin^iii-tixe the bar, the 
latter retains a greater length than in the norma! state, (fi) During reversal 
of the polarity of n bur it.- length becomes momentarily less, and it oscillates 
in length. (6) A bar of wire or iron traversed by a current contracts at the 
moment of closing tin* circuit. (7) On opening the circuit it elongates, but 
.;iiion is less than the initial contraction, indicating that transverse 
magnet L-m partly remains. (Hi In reversal of the transverse polarity tbe 
. lies for a moment, and tlio- oscillates in length, (it) Tbe contrac- 
tion produced by a current is greater when the bar has before been longitudi- 
nally nutgnetiied. ( 10) Some iron bars show a tendency to spiral magnetisa- 
tion, ('. e., to rotate the magnetic axes of their molecules in the direction of 
the spiral. This, says Nature, is shown by the contractions caused 
by a current passing through the bars, which are differeut acoirdin% 
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magnetisation. 

7ttt!i'A»('>/j/i<'ne has been reproduced in an exceedingly (jruple form bj Mr. 
Shelfnrd Hidwell. The transmitter is a disc of thin microscopic glass silvered 
on its anterior surface, and placed in front of a tube hv trhicfa til" virkv '■ 
conveyed to it so as to excite vibration. The lime, or e-lectriefiglrl 
from this mirror through a convex lens, so as to render the i ■ . 
these being received on a second lens at some distance, and again Concentrated 
on a selenium receiver. This is the most important part of the apparatus. 
U ooufeOJ of a slip of mica, 2J inches long mid J inch btc*4, round which is 
wound No. 40 copper wire in the form of a tint screw, with a pitoh of f, <•( 
an inch. The ends are tixi^d through holes drilled in the mica, A second 
wire is then wound beside, but not touching, the tirst. A few grains of 
vitreous selenium are melted and dropped on the surface of the mien, being 
afterwards evenly spread by means of another slip of mica. The temperature 
should lie just above the fitting-point of selenium, It is then allowed to cool. 
It is next annealed for several hours and allowed to cool very slowly. The 
t this cell are joined up with a battery of ehven Ijeclanche" eln- 
ments and a pair of BcD telephones wound with finer wire than usual, in 
larger quantity than that required for ordinary telephonic Cf>iiiinumc»tii>ii. 
The voice is very fairly conveyed across a space of ten feet and into a neigh- 
bouring room by ibis simple form of apparatus. 

The T/ttrtnic and Optical kAonew of &MM, trader the mfttuoee of tfc* 
electric disihurg.', ha* been further investigated by Wiedemann, ami the 
results have been given at some length in the Annalen. He hud Infure 
shown that when a mixture of two guses, of which one is a metallic vapour 
and the other nitrogen or hydrogen, is exposed to the electric discharge, the 
lines of the metallic vapour are seen in the spectrum, while those of the 
other gas remain invisible ; so that the propagation of electricity is entirely 
due to the metallic vapour, — the discharge being entirely discontinue™. He 
had also shown that the temperature of the gas illuininatini! a Geissler's tube 
may be below 100°. It is thus proved that the usual theory refoning the 
n of light by gases to an increase of temperature up to the point of 
o longer tenable, and requires fresh experimental exarnina- 
t.inn. In this communication, he has thoroughly examined the thermic 
relations of the discharge of the induction machine under different conditions, 
and has discovered a peculiar behaviour of positive and negative elect ritity. 
Experiment! follow to determine numerically the conditions under which the 
transformation of the band-siieetrum into the line- spectrum occurs in 
hydrogen. The apparatus employed is described at length. It appears 
among other results that aa pressure diminishes, lh« quantities of heat evolved 
Bxminiah to a minimum and then rise again. With hydrogen the heating 
is generally leas than with air. The number of discharges increases as the 
pressure diminishes, and then decreases a^ain. The beating at the positive 
electrode diminishes continually and rapidly as the pressure ' 
that at the negative electrode at first decreases, and then 
rapidly. 

Btaetrb Caadaatioitg of Cat-bun. — Iir. Werner Siemens has 
o the Berlin Academy a new series of experiments on I !i> 
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jnductivity of carbon, and the way it is. affected by temperature. He finds 
lliat t.f pus reiort carbon at deg. = 00130 if mercury = 1— and the co- 
efficient of increase of conductivity 0*00034G per decree Celsius. The arti- 
ficial carbon rode produced by compression of carbon powder also show 
greater conducting power with increasing temp; 1 rat are, hut the increase is not 
to (rreat as in retort carbon. The electric conductivity of frits-carbon and its 
variability under pressure has been re-examined by MM. Nacoari and 
I'sgliaui. and in such n way aa to throw some doubt and some light on the 
theories ad vanced respecting the common microphone. Carbon prisma were in- 
serted in a Wiertrtone'e bridge to determine their resistance. When subjected. 
to great pressures the resistances of the rods of carbon showed scarcely any 
change. Hobos ft appears that the change* of conductivity which carbon 
exhibits in the microphone and in the carbon telephone under varying pres- 
sures, are due to mere changes in the external contact. 

Thr timilartiy ••/ ihtt/ihur t« ■•v'.rniiun in respect of ita variable con- 
ductivity, is stated to be among the results of Prof. Graham Hell's recent 
researches, but only at temperatures below that at which it becomes dark 
and viscid. 

Ineandaeettt Electric Lights have hoen made successfully by Mr. Swan, 
tia-OB-Tyne. The material uivd by him is a wire of dense and 
plastic carbon, made try » process whii ti has not yet been disclosed. Kach 
is about three inches long, about tfa of an inch in diameter, and so light as to 
weijrh i mly from fa to fa of a grain. Their durability is remarkable, ns he 
•tat.:, that lamps have been continuously lighted by ihem for over three 
months at a time, with an intermission of only three weeks. The light 
varies in intensity from .Ml to 50 standard candles. Thirty-six such lamps 
were exhibited at his lecture, working from a dynamo-electric machine 
driven by a four horse-power engine, At a previous leci ure, twenty lamps 
gave more HjL'ht than tho seventy-six gas jets usually supplying the room. 

/■>'/;;/. raid 1 j Magneto- anHlh/vami.-E/1-rt riiMw-hinrt, — The improvements 
in magneto- and dynamo-electric machines, the invention of Mr. 1 tamcrad 
ti. Fitzgerald, deserve careful attention, inasmuch as they show a decided 
advance in the right direction. The main idea of the inventor seems to 
have been to aim at perfecting the Gramme machine; and so, instead of 
rotating the ring between the poles of a magnet on the ordinary system, ha 
wholly or partially surrounds the ring both longitudinally ami transversely, 
thus increasing the effective inductive action. The ring is thus magnetized 
directly, and with the least possible loss, and the direction of tho inducing 
magnetic polarity is in the circle constituted by the ring itself, as it 
should be. 

Considerable modifications are made in the construction of the ring. 
Ordinarily, in winding a number of coils of wire upon a ring, more especially 
if it be of circular section, and if the number of turns of wire be the same 
in each layer, interstices are left between the coils. These interstices are 

E*n»d by Mr. Fitzgerald with soft iron wedge-shaped blocks. These blocks 
either be made with the ring, or separately, and slipped on, the ring 
g made in halves to receive them. 
The Metric System. — There ha* lately been some agitation in the United 
eaaa to the advisability of rendering the Metric Bydsan com^&swj \»t 
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have been organized to teach ita principles 

tfr.C lamia SeSera, the well-known mechanical engineer of Philadelphia, 
HglUt in Opposition t Ijsit the inch is the resting-place ur ■ iiiiliny-piiiiit ii 
menu in in iill machine-shops where English is spoken, in Russia, i.-.>neriUlj 
in Germany, mid possibly, though not always knowingly, in Fiance. _ ' 
inch is conveniently subdivided (>y ft process of halving which provide the 
mechanic with all the sizes he need?, and which hi 1 find- ready to his hand 
in merchant goods. But Mr. Sellers goes further : lie compares the inch with 
the millimetre in all the processes of the workshop, and shows how much 
superior is the inch or system of halving U. that » tuch the metric system 
compels us to adopt. For drawings made i m the metric scale only seven sizea 
can be utilised — vie. full, half, one-fifth, one-tenth, mm tw mil in till, one- 
tweniy-fifth, mid one-fiftieth. With a good i'ft. rule, we can obtain twelve 
sizes— viz. full, half, third, quarter, sixth, eighth, and so on up to sixty- 
fourth, and to these can be easily added live of the Others where the rule is 
also decimally divided, as good rules mostly are. There are thus seventeen 
sizes instead of seven for use with the inch-divided rule; but in drawing, 
the scales in mostcommon use are one-half, one-fourth, and one-eighth, which 
in rapid drawing can be easily raised by taking diameter* from one drawing 
and using them as radii in the other- -a process impossible lietween one-half 
and 1-6 sizea. The true value of the extended series of scales ii 
manifest to any one familiar with both, and what w remarkable ia that 
draughtsman brought up to metric scales take very kindly I 
scale and prefer it. The great majority of sixes used in any machine, large 
or small, are less than one metre ; and to avoid the errors likely to occur with 
decimals, the French or German nieL-hmiic ti-es the inilHtn.tr.'. v. 
rather than '008m., and the unit thus fixed is preserved until the larger parts 
are Ik'Hred by perhnpfl many thousand millimetres, and these 
to be squared and cubed with much multiplication, which would be saved 
hy the use of the inch, the foot, and yard. With the use of tl 
measure*, we cuinplete the calculation sooner, because we are able to dual 
with the largest measures compatible with convenience ; ' we can use i 
cubic inch, the cubic foot, or the cubic yard at our pleasure, juat as I 
mechanic selects hia tools in acciu'dnricc with tin- iwluit , ,l 
does not waste time driving at a railroad spike with a tack-hammer.' ! 
Sellers tells us he has tested the metric system in both drawing-office and 
machine-shop, and has been disappointed: ' an incurred ly figured drawing 
testa nothing on account of emirs so long as it rests quietly in its drawer, 
but it costs fearfully when the error is discovered in the partially lini-li.-.l 
machine,' Messrs. Sellers have in one branch perfected an organization 
based on the metric system, and they have no mtiiiiinii nt 
up— precisely for the same reason that they will not change 
scab*. As mechanics they recognize the fact that those who bad the 
making of the metric scale Ijegan at the wrong end — the big end of the 
scale — the size of the world, and the units it has been cut into are found 
inconvenient in their shops, however convenient they maybe for calculating 
in merchant"' ledgBNw- EafiM Mechanic. 

Xwnri-hcf of Mr, E. H, HaU.—Aa a 
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permaoentelectric current have already been described in this Summary, 
its direction was evidently a matter of fundament ill importance. Prof. 
liowland predicted that the direction would be reversed in paramagnetic 
iron from that found in din magnetic gold, and experiment has verified the 
prediction. Mr. Hall finds, however, that nickel and platinuni — both 
magnetic substances— resemble, not iron, but gold. The fact has to be taken 
into account in endeavouring k> upply iIjl- newlv-disoovereii action to explain 
the magnetic rotation of the plane of polarization in accordance with 
Maxwell's electromagnetic theory of light. He has, therefore, repeated 
Kerr's experiment on rotation by reliction from the pole of a magnet, using 
nickel for I he latter instead of iron. The disc wu placed between the poles 
of an elect rom ague t. Tim action on the plain- <>i pehu-i/iitiun, though ap- 
parently much weaker than in iron, was unmistakably in the some 
direction. Prof. Hnpkinson, in a note contributed to the TkHotophieai MagamiB, 
shows that what Clerk-Maxwell calls the ' Rotatory co-efficient ' completely 
expresses the important facts discovered by Mr. Hall. Of this co-efficient 
Maxwell says, ' \Ve have reason to believe that it does not exist in any 
known substance. It should lie found, if anywhere, in magneta which have 
a polarization in one direction, probably due to a rotational phenomenon in 
the substance.' The passage affords another remarkable instance of theoreti- 
cal prediction, afterwards continued by experiment. 

The Velocity of Sound in Gate* has been very comprehensively compared 
by Htrr Hilfer. He divides (lie methods into three groups : — 

I. Theoretical method* (a) from wave- theory : results for air, V. = 280m., 
u iiti correction, It'll ■">•- for U ';('•) from the kinetic theory of gases, equal to 



- ot s of the mean value u of molecular velocity; result = 823-33 

or 822-47; with correction on account of duration of collisions, 332 m.: (c) 
from a combination of the formula; of wave-motion, and of the gas-theory ; 
result = 331-94. 

II. Direct experimental method*, in some of which, with length known, 
time is measured, either in opeu -puce or in lubes : id others, with time given, 
distance traversed : results, excluding the older experiments : — French Com- 
mission (1822) - 331-2 ; Moll and Van Beek (1828) -332-25: correction 
by Schroeder van der Kolk = 332-77 ; Kegnault (1868) = 330-0; Le Koux, 

- 330-00; Srathmari, by method of coincidences = 331-57. 

IU. Indirect e.rjierimentai method*, from wave-length: (a) by measure- 
ment of the length of pipes ; t,h) by observation of dust-waves ; (c) by means 
of interference tubes; (rf) from coincident vibrations of two manometric 
Hemes: results, Wertheim =331-33; Zoch(1800) =332-06.— Eng. Mechanic. 

The Dependence of Thermoelectric Current* on the Gate* in contact with 
the Terminal* baling been asserted by Exner, Prof. C. A. Young haa pro- 
duce.) a teat experiment on the point. An .\linii-(n! gins, tube contained mi 
iron wire with platinum terminals, which were again fastened to iron wires 
leading to a galvanometer. The tube was exhausted to one-millionth of an 
atmosphere. On laying the apparatus in sunlight, and alternately shading 
the internal or external junctions, an electromotive force could be produced 
which was found to be equal in every case. He considers this to negative 
's statement. 
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I('ifat»n/ Miqtnrlk P«!ariztiti'>n in Gatft forms the subject of ate 
in the Annate* de Chimittlde Phijriqut, by M. 11. BaoqtuinL The principle 
has already been de-cribed. In the present paper a minute account is given 
n|" lli'> apparatus employed, mid tlm [in eaiitiollS adopted to insure accuracy. 
The apparatus consists of two diatinct parti, (1) the optical, i- ■ 
Detic. The pas was contained in a tube 8'87 metres long, closed by parallel 
glass ends. Around, but not touching, this are six large coils, each contain- 
ing 15 kilogrammes of wire, or about 90 kilogrammes in all, with a length of 
IH'llin,, when joined in n continuous series. The current used was from 60 
nitric acid batteries of large size, in two series of 40 each. Under so powerful 
a current, the conductor! and the tube itself soon became warm, rising to a 
temperature of 40° Centig. or 102' Fahr. To estimate variations in the cur- 
rent from this can**, and also from changes in the battery, a sine-galvano- 
meter was placed in a shunt from the main circuit, and a curve plotted from 
its indications. The quantity of gas operated on amounted to about :t; litres. 
It acted of itself a. 1 - an air- thermometer by means of a pressure-tube. The 
amount of rotation being very small, only about 5' of angular measure with 
an inverted current, it was found expedient to amplify it by the method df 
reflect inn used by Faraday and Foucnult. Magnetic rotation is known to be 
proportional to the path traversed, in whatever direction it may pass. The 
source of light was lime, passed, in some instances, through coluiired dia- 
phragms. The polarizer was a large Nicol's prism, giving a beam over an 
inch in diameter. By means of two plane mirrors nlvared in their middle 
part, tho ray to be polarized was passed three, five, seven, or nine times 
along the length of the tube before being received on the analyzer. This 
com-isted of a Foucault's prism mounted on a divided circle with a vernier 
reading to minutes of arc. Four double reflections, with nine passages of the 
ray through tho tube, were generally employed. The current being passed 
in one direction the two images were brought to similar tint ; and the current 
being then reversed, the analyzer was turiu-d to similarity, and the angle read 
off, giving double the magnetic rotation for the substance experimented on. 
The necessary corrections for various causes of error were referred to bisul- 
phide of carbon, the rotatory power of which is large. Besides temperature 
and magnetic intensity named above, there were, the displacement and want 
of homogeneousness in the source of light, rotations caused by the glasses, 
lease*, tud mirrors of the apparatus, — nE these are discussed at lengtli mid 
tabulated. A remarkable relation is shown between the index of reflection 
of a gas and its power of magnetic rotation. Oxygen, however, forms a 
notable exception. 



ZOOLOGY. 
A yew Form of Cgitic Worm.— M. A, Villot, who some than -mi- 

described a peculiar cystic worm {fHi/]ihi/loa/$tu), parasitic upon Glomerii 
timbotw, lini discovered another new form in the same myriopod, 
notices {Ucrnpftt Jlendus, (J December, 1980) under the name of froeyjfw 
prviifn-. It is a very minute creature, measuring only 000 millim. (lees than 
5-( n inch) in length: and one remarkable circumstance about it is that it 
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reside* in the same host in two stages of its development — namely, as the 
true cystic worm in the visceral cavity of the Glomerii; and in the seolex 
state, encysted in the adipose tissue of the same animal. SI. Villot describes 
the parasite as consisting of three distinct parts, which he calk head, body, 
and caudal vesicle. The head is oval, truncate in front, and furnished with 
four sucking discs, and with a long trunk. The Utter is invaginated in the 
bead, which in its turn is invaginated in the body, and this again in the 
caudal vesicle. The invagination of the trunk forms a funnel-like hollow at 
the apex of the head, and the inner wall of the Utter is armed with a circlet 
of excessively minute hooks, nVi inch long. 

The multiplication of the worm in the cystic stage ia effected (as we 
understand the statements of the author) by budding at the posterior extre- 
mity of the caudal vesicle, and the buds are usually thrown of! as soon aa 
they are perfectly formed, so that the colony rarely consists of more than 
two individuals. The, acolex formed in the hud, which remains during its 
final development attached to the parent worm by a thin pedicle, seems to 
resemble that of the parent in all respects; when detached it speedily 
throws off the enclosing vesicle, and proceeds to encyst itself in the adipose 
tissue of the host, ntill invaginated in the so-called 'body.' The further 
development of this worm is still unknown; it probably takes' }il;ire in smiie 
Alpine bird or mammal, the cystic worms having been obtained from a 
Glomerii collected in the woods of the Grande Chartreuse. 

Tht Diicomedune. — Prof. Hiickel has read before the Medical Society of 
Jena a memoir on the organisation and classification of the Discomedusro, a 
group which he defines as including all those Acraspeda which, in their 
youth pass through the well-known ontogenetic larval form of EpAyra 
yE]Ayrvlu),a& represented by the first free-swimming product of the division 
of the so-ealled Hydra tuba. These may be regarded in accordance with the 
'biogenetic fundamental law,' as all phylogenetk'tilly derivable from an original 
common stock-form , resembling Ephyra: Ephyrtra. — This common starting- 
form of all UtsQimediif ;c possesses eight sense-organs (4 per-radial and 4 inter- 
radial), and alternating with these 6 adradial tentacles, and intercalated 
between the former and the latter 16 marginal lobes. The umbrella of all 
Discomcdusn is shallow and discoidal, and their sexual glands are developed 
by centripetal growth in the subumbral stomachal wall. The great numbeT 
of new Discomedusa? which the author has hitd the opportunity of oxamining 
during the last few years have led him to form a new classification of the 
group. He distinguishes m it three sub-orders and ten families, characterized 
as follows -- - 

Sub-order 1. — Cann'ostoms (Tubular-mouthed Medusfe) : Mouth-tube 
simple, without buccal tentacles. Central mouth simple, square. Kadial 
pouches, without an annular canal. Either 4 or 8 gonads (reproductive 
organs). Tentacles solid, usually short. 

Families.— I. EpHvmn.e: Itadial sacs broad, simple, without ramified 
distal canals, without an annular canal. — Suhf. 1. Palephyrida), with 8 sense- 
organs and S tentacles, with -1 honeahoe-ahaped interradial gonads.— Genera, 
Ephyra, Polephyra, Zonephyra.—Subt, 2. Xaii'ith'/ida-, with 8 sense-organs 
iiirles, and 8 separated adradial gonads. — Genera, Xauticaa, A'ausi- 
tiot, Xnv/ihanta : Subf. 3. Collaipidtt, with frcm 10 to 32 sense-organs, and 
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an equal number of tentacles, with 8 separated tdndiaj gonads. - 
' ■tluapi*. 

Family 2. I. i-VEnuim:.— Radial sac* broad, with branched, weal dijiiU 
canalu, without annular canal. — Subf, I. Linanthida , with 4 interradial, 
honMboe-abaped (remade. — Genera, Liwntha, Liamjin : Subf, I, Linut-hidtt, 
with * separated adrndial gonads.— Genera, Lirtirux. Linuefo. 

I- ■[■ II,— S km ostomy tVane-mmrtbrd Medusa*): Moutli-tubn 
.1 1 v iil --.1 into 4 per-radial, folded buccal arm*. Central mouth simple, c 
cular : sometimes broad radial sacs, without annular canal ; sometimes nan" 
radial canals, with an annular canal: always A gonads. Tentacles hollow, 
|Hj ].mg. 

Family 3. 1'sxAGro.sB. — Radial sacs broad, simple, without branched 
distal canals, without annular canal. — Genera, Pdagia, Chrytaora, Dacty- 
tomrlrn. 

Family 4. CvnaseiDjB. — Radial pouches broad, with branched, co&cal 
distal canals, without annular canal. Sobf. 1. Mtdorukt, with 8 sense- 
organs, — Genera, Pr-iiimva, Sfadortt, Slenoptyrha, Dtmwnemo, Cyatita, Dry- 
monrina : Subf. 2. Paterida, with 16 sense-organs.— Genera, Patera, 
UfeuAu. 

Fumilj- 6. Floritlid.i:. — Radial canals narrow, simple, unbranched, 
willi an annular canal.— Genera, JW-u/n, Fluraca. 

Family 0. ULMABin.s.— Radial canals narrow, all, or part of them, 
branched, with annular canal. Subf. I. Umbrotidtr, with marginal tentacles, 
which are inserted on the margin of tie umbrella between the marginal 
lobes, — Genera, Uhnarit, Umbrom, Inidnea. Subf. 2. Sthenanidm, with sub- 
urabral tentacles, which are inserted upon the ventral side of the velar margi- 
nal lobes, at a distance from the margin of the umbrella, — Genera, StheMmm, 
Pliit.rllii/ihi-rti. Subf. 8. Aurrlida with exumhral tentacles which are in- 
serted upon the dorsal side of the velar marginal lobes, remote from the 
margin of the umbrella, — Oenera, Aurelia, Aurom, 

Suborder LU. Rhikohtom.e (Root-mouthed Medusa). —Mouth-tube re- 
placed by H ndntdinl root-like buccal arms with numerous suctorial 
mouths. Central mouth obliterated. Hadial canals narrow, always 
branched, with an annular canal. Gonads always 4 (never 8 !) Tentacles 
absent, 

Family 7. Toiutnuina. — Four subgenital cavities, separated, the bran- 
chial disc forming the floor of the stomach ; suctoritd fringes of the buccal 
arms only ventral, on their axial surface, — Genera, Arehirhua, CejAta, Dipto- 
jtilus, l'nlyrhiza, (.'atsiipea, P.Jydania, Toreunia. 

Family 8. Pii.emid.e. — Four subgenital cavities, separated, branchial 
disc forming the tloor of the stomach, mietoritJ Fringe* of the buccal aniw 
dorsal and ventral, both on their axial and nbaxial niir faces,— Genera, Pilema, 
Eurhitostoma, Stylunectet, Tfwlytat, Phylturhiza, SftinmlfiJiuii. 

Family 0. Yxbktjuda— Four subgenital cavities, United to form a cen- 
tral portico; hence the floor of the stomach and the branchial disc are 
laMorUl fringes of the buccal arms only ventral, on their axial 
■ ii -i'.N -i i loner*, Htiphirhisa, Catj/lorhua, Oct<Htyia, CrouoltWM, V/rm™, 

Family 10. CuAMDHSBiti^.— Four subgenital cavities, united to form a 
■ r of the stomach and the branchial d 
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separated ; suctorial fringes of the buccal arms dorsal and ventral, both on 

the axial and abazial surfaces, — Genera, Leptobrachia, Thysanostoma, Masti- 

gioM 9 Himautottomay RhacopUuSy Catostylus, Crambessa. 

The comparative anatomy and ontogeny of the Discomedusae enable us 

approximately to recognize very clearly the phylogeny of the ten families. 

The common stem-group of the whole order is formed by the Cannostome 

family Ephyridce, with the stem-genus Ephyra (JEphyraa) . From this, first of 

all, two divergent families were developed : — the Linergidae and the Pelagidse. 

The latter form the stem-group of the Semostomse, and split into the two 

families Cyaneidae and Floeculidae, from which last proceeded the Ulmaridae, 

and from these again the Toreumidae, the stem-group of all the Rhizostomaa. 

The two families, Pilemidae and Versuridce, are probably divergent branches 

of the Toreumidae, while the CrambessidsB have probably originated from 

the VersuridflB (but perhaps also from the Pilemidae). This phylogenetic 

hypothesis is displayed by Prof. Hackel in the following genealogical 

tree: — 

10. Crambesaidae. 



8. PilemidsB. 



9. Versurid®. 



r 

7. Toreumidae. 



4. Cyaneidae. 
2. Linergidae. 



6. Ulmaridae. 
5. Flosculidae. 



3. Pe 



lagidae. 



1. Ephyridae. 
Ephyba. 



(Kosmoe, October, 1880.) 



Classification of the Pennatulida. — In his report on the Pennatulida col- 
lected during the voyage of the Challenger, Prof. Eolliker proposes the fol- 
lowing new classification of those curious Polyps : 



Order PENNATULIDA. 

L Rhachis with a bilateral arrangement of the polyps. 
A. Rhachis elongated, cylindrical. 
AA. With pinnules or leaves .... Sect. I. PENNATULE^E. 
* Pinnules well developed .... Subsect. 1. Pennifobmbs. 
o. Zooids situated on the pinnules . Fam. 1. Pterocididae. 
Genera, Pteroeides, Herkl., Godefroyia, Koll. 
Sarcophyllum, Koll. 



!W 



i. ^™«i« ,Tn the ^esosi jnd 7 



-idea • >i the rhaenia .... Fam. ±. Femmtiilida}. 
> ienera. il iiiiarain. 1"«ani LmoftHmmu Vexc. 
>u»i0ru. tiny, rTTami jrfi ■■■, HerkL 

■*mail ^"^ w W rfc . i. 

x. Phmniea -vrtnout a caicazeoaa plate Fam. L 
« j*nera» rTjn^Hianv. r^m .Sbataaaaw 

ifaoOMnB. SOIL 

7. Pbmnia -rich \ jaicanoaa 

plate Fam. ± 

• ienera. 'ftaiaca&u Verx. Daawaaia, Son and Dan. 
iL^^ki, K5IL 
BR Rharhia without ^mniun, polype 

*aafe ../....". Sect EL SPIT AT *e. 
a. Polype on lothjsdeeoi thernachie 

in iucxoct rows Suliii L L Fmcuusi 

aa. Pniypa with lelU. 

*. 5o rentrai zooids .... Fam. L Fmricnlnnds. 

i^nen, Fmacuiinm. Lam.. Hidiptaru* KfilL 
J. With rentrai zooida . . . Fam. i Stacnyptumfe. 

<««, -Sfarapriouav, SiilL 
4. Polypi m both ad» of the 
rhachia in a ansfe JLika » or 

in distinct rows .... Suhaeet. 3. Jtrscivo] 
aa. PiIvtm without ceila. 
•x. PiIvtm lame. 

cuu Rhytiia •jjonscated* 

cylindrical . . . Fam. L Kophobeaxnnonida?. 
Genera EopkobcUmtmrn* Ajo*, SeimrtAdemtmm t 
KoIL. B*th&&*m y Ki>IL 
,3d. Rharhia short . . Fam. 3. Cmbeflnlidae. 
Genua Umbeiluia, Lam. 
>& Polyps small .... Fam. 3. Protocaufida*. 
Genera, iVrtMsa&m. KiilL, 
CladiaaUf Kor. and Dan. 
bb. Polyp* with cfclbt . . . Fam. -4. Protoptilxda. 
Genera, PntaptHmm. KoIL, Lygomorpkoy 
Kor. and Dfciu JMhrophftiam, LtptoptSmm, 
TricAoptOmm and Sci^roptHuwt, KoIL 
R Khachi* expanded in the form of a leaf. Sect IL REXILLEiE. 

Fam. 1. ReniLfidse. 
Genua, RemUa, Lam. 
If. Khar hi* with a radiating arrangement of 

tb* H*P* Sect. m. VERETTLLEiE. 

A. Calfarfou* bod i#* long Fam. 1. Cavern ularidft?. 

(Itw.T*, CavermUaria, VaL Stylobelemnon, KoIL 
A A. f/'alcareoiift bodi** short .... Fam. 2. Lituarida*. 
Unnera, Lituaria, VaL, Vcret&um, Cut. 
VoHcella, Gray, ClaxeUa, Gray. 
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! MYXOMYCETES OR MTCETOZOA; ANIMALS 
OR PLANTS? 



Bi W. SAYILI.F. KENT, F.L.S., F.Z.S., 



[iv 1 1 i. ■ m. xhd it.] 



ALONG the lower confines of the organic world diverse 
group-forms are to be encountered, of which it is hard 
to predicate whether they rightly appertain to the animal <>r 
to the vegetable series. Prior to that deeper insight into the 
mysteries of Nature that, thanks chiefly to the improvements 
mode in the compound microscope, has fallen to the lot of the 
present generation, organisms of even large appreciable dimen- 
ions — such as Sponges, Corals, and Zoophytes— furnished sub- 
s of contention between Zoologists and Botanists. Before 
» rapid advance of modern science, however, the lists for 
mtroversy have been gradually growing more and more con- 
ned, further progress at the same ratio threatening ere long 

■ place the biologist in the position of the classic hero, who 

■ ]it for the want of other worlds to conquer. Already, the 
anion dr*WD around the once extensive tourney -grout id includes 
nly the lower groups pertaining to Cryptogamic Botany and 

to that subdivision of the animal kingdom niast usually defined 
I'v the title of the Protozoa, but which might, with equal con- 
futed the department of Cryptogamic Zoology. 
All of these agree with one another, and at the same time 
tier from the more highly organized groups of Phanerogamic 
Mits and Metuzoic animals respectively in the obscure and 
inparatively rudimentary character of their reproductive phe- 
mena. 

In recognition of the extreme difficulty that attends the pre- 
<e definition of an arbitrary boundary line that shall, to the 
ton of both Botanists and Zoologists, separate thcstilt- 
lets of their respective studios. Biologists have from time 

v. — NO. XVIII, H 
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time proposed the institution of an intermediate kingdom or 
neutral territory for the reception of all those doubtful organic 
forma which with more or teas justice have beei 
From one side to the other of I In- barrier-line in accordance wi th 

the strength of the evidence adduced. Thus, Mous. Bory de St. 
Vitn-onl nri^iiiiilly instituted lor the inclusion of such di Datable 
types his /,< lieijin- I'xitrlmihnirr : and thus Prof. Ernst 
lliirki'l, scantily acknowledging, perhaps, Bnry's lead, has quite 
recently substituted in its place, hie so-called kingdoi 
1 Protista,' which, in accordance with its founders . 
eludes the following divisions : — 





o«Mtk trt» 


HoBen . 


Pri/l-mi/ia, 






Flagillnln 


■ ■ ivy. 


Oittallacta 


Mat/nt/tfufra. 


l.nlpyiLiilLiil* 


Lot 


Diatomen 


2/avianta. 


Myiomjrostas 


AZtfuilivm. 


1 U U ■;■■ di 


ffromia. 






As already pointed out by the writer in A Manual of t&i 
hifi'firii'. Vol. i. p. 44 cl neq., October, I&80, the re 
of such a proposed neutral territory or kingdom by no 
means lessens, but simply enhances, the pre-existing difficulty 
For in place of the simple boundary-line that had formerly to 
bo denned between animals and plants it oeceeeitates the 
definition of two such lines- — the one between the Protista and 
tin' lower animals, and the other between that group ond the 
lower plants, Furthermore, as demonstrated by the writer in 
this treatise, there is scarcely one out of the eight clac ■ 
in< luded in this newly proposed kingdom that cannot he 
relegated with absolute certainty to one or the Othi 
two older primary divisions. Several of these groT U M, 
again, are most artificially constructed. The clai 
is well-nigh obsolete. Formerly proposed by HacieJ for the 
reception chiefly of the Foraminifera and certain Proh 
eluding Bathyhim (P), in which the presence of a nucleus or 
endojilast had not been detected, a few obscure amcebiform 
me ulone remain to sustain its titular reputation. 
The hobosfl, as a class separate from the ordinary Riizopoda, 
entni'it l,e consistently recognized; while the so-called I'atallucta, 
including the single genus Magoepluera, mat, be appropriately 
to a colonial form of such a multifiagellate Innuorinm u 
Ijiphomona*. Taken as a whole, six out of the eight u] 
merated in the foregoing list conform in all essential points wiili 



Ill: MYXnMYr I'TF.S (.11 MYCKTOZOA ; AMM.U5 OR PLANTS.'' 



that formula of organization distinctive of the lowest or Pre 
;. ..I. ii' Bection of the animal kingdom. Of the two residual 
groups, tli at of the Diatomest- as a-Muvilly belongs to the vega- 
tabk uriea; one only being finally left, of which it may be -aid 
: ions are ^tilisl jiiitistlly divided as to their animal or 
vegetable affinities. It is with this single section, No. 7, or 
thai "1" tli" M\ xomycetes, that this article puqMisos to deal 

The Mvxiunycetes, Myxogustrcs, or Mycetoma, as they 
have been variously designated, huve up to u very recent date 

emained undisturbed within the precincts of the vegetable 
kingdom, being accepted on all hands as const it uiing a subor- 

linate, though somewhat abnormal group of the Gastero- 
myoetOUfl Fungi. The diagnosis of the order, as given in M. 
J. Berkeley's Introduction to Cry/>togamic Botany, 1857, and repro- 
duced in other English text-books of Mycology, runs as 

follows T— 

' Whole plant at first gelatinous. Mycelium often cein-ffie, 
forming reticulated or anastomosing strata, but sometimes diffuse, 

fidag rise to sessile or Btipittlti; free or rimtliiwt juridin, ronaisting 
f one or more membranes, enr/osiiiy, tr/irn mitiiir, a dry MM uf 

krtads or plates, and spores; at length often bunting, /'/invite of 

• in-iniiy xtnir/iiiY, smnrtimrs containing one or mure x/iirnte.' 

Mr. Berkeley further proceeds to say (Lc. p. 396),—' This i*, 
scrimps, one of the most remarkable groups of Fungi, and at 
one on which we have least information. In their early 
■tago they consist of a pulpy or cream-like mass, collected in 
distinct globules, or creeping over its matrix in the form of 
branched anastomosing veins. In this stage the tissues ire h 
delicate that they exhibit no structure, and if hardened with 
ili-ohol hwb no further information. From their great fragility 
wheat fully grown, and the free dispersion of their dust-like 

B.i! . ilny ace with ilifficulty preserved in an herbarium. 
10 Fungi afford more elegance of form or singularity of 
'trueture according to the nature of tbeporidium, the flocci, and 
ha disposition of the spores, which are their three main ele- 
ments. The beauty of torm of their peridia is often combined 
vith exquisite colouring, which is sometimes brilliantly metallic, 
■\hibiling tints of steel, gold, copper, or silver, most nearly 
ling in this respect very thin membranes met with in 
mal kingdom, such as those of the eggs of certain moths. 
I me form, jEthalium septicum, is the pest of hothouses, while a 
species of Licea, L. perreptanx, sometimes increases with such 
rapidity in cucumber and melon-frames, as to seriously inter- 
fire wi ili the culture of these fruits. One marked peculiarity of 
the Myxomycetes is represented by their indifference as to 
the matrix upon which they grow. The same species niav 
Meat "ii plants of the most distant natural affinities, and on 
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other matrices. One species was observed by Schweinitz to he 

developed on iron which had been heated in a forge o 

hours previously. Mr, Mclver found one on a leaden lank. 

while Mr. James Sowerby discovered another on cinders in the 

outer gallery of St. Paul's Cathedral. Like Alga; thi 

to derive their nutriment from the surrounding medium, and 

not from the matrix to which they are attached.' 

The data embodied in the foregoing and earlier accounts of 
i In 1 M vx.ni u vectefc were held to demonstrate their rightful position 
to be among the Gasteroniycetous Fungi, their appur- ■■.-. 
allies being the Triehogaste.rs or PuH'balls, LyeopifdM, Il:ui<t<i. 
Sac., from which, however, they essentially differed in the pro- 
duction of their peridia, or sporangia, from a si rue tun ! 
mass instead of from a distinct cellular hyinenium. (Illustra- 
lions of the fungus-like, matured peridia or spore-Moeptaolai of 
various typical representatives of the Myxomyoetee, natural 
size and magnified, will be found in the accompanying Plates I [I., 
figs. 1,21, and 35, and IV., figs. 1, 24, and 30 to 32.) So far, the 
developmental phenomena of these singular organisms — which 
among both animals and plants are now universal!] 
as furnishing the true key to their natural position and affinities 
— had remained undiscovered, or involved in the greatest ob- 
scurity. A In nit (he year 1K-7.I, however. Dr. A. He liar v. tin- :■■■■ 
complished Professor of Botany at Freiberg University, applying 
himself to the solution of this moot question, arrived at some 
totally unexpected results. The spun- mi careful cultivation 
were found to give rise, not to jointed cellular byphro, n my- 
eelia, as obtains among all ordinary Fungi, but to flagellate 
monadiform germs jxissessing active locomotive faculties, ■ 
spheroidal nucleus or endoplast, one or more contracture vacuole^ 
and the faculty of ingesting solid fon.l.suh.staoces. After a 
short interval these genus, ivtracting their HagcUa, 8J 

amsboid repent phase and coalescing freely with their neigfc- 
bours, built up the so-called gelatinous, or pulpy masses, out of 
which the sporangia, or peridia, were developed. With rela- 
tion to the phenomena exhibited by the Myxomvceti 

r 1 1 ■ ■ i t- active vegetative life, De Bary arrived at the <■■ 
tliat they could not be consistently retained as vegetable organ- 
isms, but Were referable tO the Inner animal series, nr 1'i.it.i/n;,- 

■ i. 'in, and might be more convenient 
1 UycetoEOB.' 

In the year 1862, the main results arrived at bj De B*JJ 
were confirmed by L, Cienkowski," who nom for the first time 
definitely associated with the so-called pulpy mass, derived 
through the coalescence of the monadiform germs, the title of 



THE MVXOMYCETES OR yVCKTOZOA ; ANIMALS OK PLANTS? 101 



' plasniodium.' This pi asm odium, taking ihc form of cither 
\»nn ki. or other Rhieopod, in addition to posse-.-ing 
•oruotive faculties and the capacity of ingesting solid food, he 
further showed to exhibit, in its more extended, ramified con- 
dition, a distinct circulation or cvelosis of its internal granular 
clement*. Embodying the results of Cienkowski's unv-ti-a- 
ttonfl with those of his own earlier and more recent researches, 
e Barv published, in the year 1 S04, his more extensive account 
f the Mycetozoa,* which up to the present date is accepted as 
inrnnrniting the most complete record extant of the life 
dNoOmeSfl of these remarkable organisms. While still in- 
cluded among the Fungi, perhaps for convenience sake, by 
v-ic7ii.ilie lw>tanists, their exceedingly anomalous plan of 
-tructure and development has in most instances been fully 
"ecogni/ed. No more fitting illustration of the estimate ac- 
urdi'd to them by (his class of biologists is perhaps to be found 
1 the general account of the group included in Julius Saohs 1 
Tr.rlhn,,!; of Botany, i herewith reproduced in ij-fnmo : — 

■ The Jlvxomvcetcs include a numerous group of organism* 
which in many respects diner widely from all olhcr vegetable 
structures, hut in the mode of formation of their spores -imul 
nearest to the Fungi, on which account we may treat, them as a 
supplement to that class. The Myxomycetes arc remarkable in 
no ordinary degree from ihe fact that during the period of their 
fegetation and assimilation of food they do not form cells or 
The protoplasm, which in all other plants is also the 
■neral motive power of the phenomena of life, remains in them 
during the whole of this period perfectly free, collects into 
.-onsideniblf masses, and assumes various shapes from the in- 
1 force residing in it without becoming divided into small 
lortions which surround themselves with cell-walls, or become 
__ It is only when the protoplasm pusses into a condition of 
rest in consequence of being surrounded by unfavourable condi- 
tions, or when it concludes its period of vegetation by the 
formation of the reproductive organs — its internal and ex- 
ternal movements censing lit the same time — that it breaks Up 
into small portions which surround themselves with cell-walls, 
iind which even then never t'onu a tissue in the proper sense of 
tlie term. The Myxomycetes live upon decaying and rotting 
vegetable substances. While endowed with motion, they either 
Creep over the surface of the substratum or live in hollows and 
jtfjres in its interior, hut for the purpose of reproduction they 
always come to the surface. When entering on the repro- 
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, the entire protoplasmic fubslauce, Plasmo- 
dium, be t oves transformed into sporangia or larger receptacles. 
In sEOuil'HHt teptiemn, the so-called * flowers of tan," this spufe- 
recepCarte is represented by a cake-like ma*, not on ' 
measuring a foot in length and breadth sad over an inch in 
thickness. The inside of the cuke is dark-grey, eosilv pul- 
verized, and penetrated by yellow reins consisting of tabes 
interwoven in till direction*. The skin, or cortex, on 
densely inierwoten, irregular bundles at tubes connected in a 
peculiar manner, and containing an immense number of col- 
gruins as well as a yellow pigment. .£V.Wi«hi, in its 
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which it was originally growing, and, climbing up neighbouring 

a] feet, accumulates upon Ik 
The mooadifarm germs developed from the spores are, under 
unfavourable circui Formed into mien* J 

remain in this state for months, reverting again to the 
mobile form when placed in water. The young phumodia ore 
nlso capable, tinder like conditions, of forming cyst 
which they again creep on the return of warm, ttsoi-i 
weather. The more matured plasmodin may likewise outer up.ui 
a temporary state of rest,— scleroti urn. First drawing in it- 
arms or outlying ramifications, it next assumes -> 
contour or becomes resolved into a mass of irregular nodules, 
and the whole substance breaks up into a large number of 
round or polyhedral cells. When placed in water, the cell- 
walls again become absorbed, and the sclerotium reverts to the 
condition of a mobile plasmodiutn. Finally, the Plasmodium 
having attained its full growth, a fine membrane, or pellicle, 
is formed over its surface and the interlacing capillitiuni 
and spores within, the lime contained within the nhmmrr- 
dium being deposited in the form of granules on the eapQ- 
litiutu or wall of the sporangium. The passage to this 
reproductive phase is accomplished with great rapidity, — two 
hours only being quite sufficient, in the case of 2EthaHvm, M 
convert a soft mobile plasmodium into the motionless, cuke-like 
sporangium. The water previously contained in the plas- 
modiuni is partly expelled in the fluid state, while the residue 
speedily evaporates, 1 

Upon the data included in the foregoing epitomization n 
the structure and life history of the MvxoinyiTtes 
especially with regard to those that relate to their earlier loco- 
motive and ingestive faculties, it is not to b 
many biologists have come to look upmi their association with 
vegetable organisms as no longer tenable, and to decide that 
their nearest allies arc to he sought for among the animal series. 

['pinion was freely expressed by Prof. AUuiiin in bis 
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Presidential address, chiefly relating to lower organisms, de- 
livered to the meeting of the British Association tor the jw 
''liers, hiking an intermediate view of the question, 
have contented themselves with allotting this group a half-way 
in the organic chain, Prof. Uackel, as previously 
notified, incorporating the Myxomycefcs in his newly -established 
kingdom of the Protista, while Prof. Huxley* remarks of 
their flagelliferous monadiform germs that ' they are embryonic 
forms of organisms which appear to be as much animals as 
plants; inasmuch as in one condition they take in solid nutri- 
ment, and in another have the special morphological, if not 
physiological, peculiarities of plants.' 

Being greatly impressed in favour of the evidence adduced 
in support of their animal affinities, the present writer has, in ft 
general outline of the sub-kingdom Protozoa, included in Part I. 
of his Manual of the Infusoria, thought (it to accept the My- 
xoraycetea, or MyoetOBOB, as veritable Protozoa, indicating at 
the same time the very numerous points in which their structural 
and developmental phenomena tally with those of the more 
typical representatives of that zoological series. In this manner 
it was shown that the initial term or rlagelliforous unit de- 
veloped from the spores of these so-called Fungi — possessing ;< 
nucleus, contractile vesicle and capacity to incept solid food 
jwrticles — is in noways distinguishable from an ordinary 
n ■jUT.seiitative of the genus Monas, as defined by the writer at 
p. 232 of the Mmuuil quoted. The succeeding or ' plasinodium ' 
phase of these organisms, likened by its d esc- ri hers to a enh.ssal 
Amu h:t, is .similarly correlated by the writer (I.e. pp. 42 and 192) 
with Labt/riiitlitila, and with the amosbiforni masses produced 
through the coalescence of a greater or less number of primary 
Kooids, out of which the reproductive gemmules of a 
sponge-body are built up.f The spore -receptacles, or sporangia, 
■ ire finally interpreted as coitcsj Rinding on an extended scale 
with the ordinary encapsuled or encysted conditions of the typical 

* Anah.nty of Itirrrlrbrn/fd Animal*, p. -14, ed. 1*77. 
t An additional type, whose adult structure retembltt in a remarkable 
manner the 'Plasmodium' condition of the Mycetoma, is afforded by the 
■■■■■/nil-. Rg lijjnri'd and df-f-ril.ii'*! Iiv l'i-< if. I.eidy in he- recently pub- 
■/•-ira/rr ]L>,,^, r :l.. ,.f North Amerka, Washington, 1$79." Thin 
ivliicb. iidiubii- i]ii; Sphagnum swamps uf New Jersey and Penn- 
sylvania, and maybe cnmpnred to a shell-less (framia, jnot nides lobsteel 



vesicles are developed, loth upon the surface of the body snd along the 
pt*udopndial extensions. The likeness cited as subsisting between these 
correlated orgnnisuis is indeed so creiil . that 1'ief. l.eidy I in- some doubts an 
to whether it represents an immature Mycetii/oon or an inde|u-nuVn 
Rhixopod. In one eiample figured, the central protoplasmic v— ■ 
witli ingested Vloiteria. 
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Protozoa, and also villi the hylicncn 

'gemiuules,' or 'statobhiBts' of Spongith, ami other Sponge type*. 

Further affinities with the Sponges — these organ i-i: 

accepted as Flagellate Protozoa — were held to be D 

in connexion with the fine net-work of anastomosing fibres or 

' capillitium,' singularly resembling the horny rete of the kera- 

toee Sponges, which is usually developed within the sporangia 

of theSlyxomycetes,und to which are frequently added crystalline 

or nodular deposits of lime that may be consistently comjpand 

with the calcareous or siliceous, Bpicuhferous element* of ordinary 

Sponge forms. 

While it was expected that mycologists, pure and simple, 
would be somewhat loth to relinquish the interesting little 
group of Myxomycetes into the hands of the zoologists, it waa 
anticipated that the protest against their advocated transfer 
wotdd have been raised upon a more substantial basis than thai 
lodged by Dr. II. C.Cooke in his Journal of Cryptogenic Botany, 
' Grevillen,' for December last, Instead of applying himself to a 
concise und lucid exposition of those points, which, to his mind, 
eilalilidi, as lie: expresses it, the 'truly vegetable nature' of the 
Myxomycetes, Dr. Cooke confines his criticism of the views 
advocated by the writer to an unsupported contradict inn of the 
fails accepted at indicative of their animal afflnttll 
panied bjj what must be objected to as a direct misrepresenta- 
tion of the arguments used in the practical application "l' those 
facts in the question raised. In the first place, it is affirmed 
that De Kary has entirely abandoned his former views i een si - 
ing the animal affinities of the Myxomycetes, Can Dr. Cooke 
quote any work or paper in which a renunciation of the fact* 
and opinions expressed in his treali.se, !>ii- M>/cr?oso/-/>, published 
in the year [864, is recorded P This record again being, not as 
bis critic ingeniously a Minus, written 'in a hurry and repeated ai 
leisure,' but represent in g the result of ninny years' careful investi- 
gation, backed by the confirmation of ill essential facts at the 
hands of :m independent authority. The editor of 'Grevillen' next 
politely suggests that, in attempting in correlate the Myxomycetee 
with the Protozoa, the present writer has ' gone out of the way to 
meddle with a subject that he does not understand,' that be hap no 
practical acquaintance with the organisms of which he treats, 
and no knowledge of tho later important Polish and other works 
upon the Myxomveetes. wliieli do not support their animal 
affinities. Finally, Mr. Saville Kent is accredited with an at- 
tempt ' to squeeze the _M exomveotes into the animal kingdom by 
stealth ;' and to have dime this in defiance of axiom 
elsewhere adopted, for the distinction of the ordinary infusorial 
types from lower plants, including, more particularly, then 
to ingest solid food. That the Mj :■■■■■ 
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gestive faculty, Dr. M. C. Cooke practically 

To the foregoing heavy bill of indictment it is incumbent upon 
ed (o moke some brief response. To the one count, that 
of having based his arguments in support of the animal mil me 
of the disputed group mainly, if not entirely, on the evidence 
adduced by Do Bary and Oienkowski without having then a 
practical knowledge of tho organisms or their more recent 
literature, the writer must to some extent plead guilty. Such 
adniflaion must, however, bo qualified by the fact of bin 
having a short while since made himself familiar with 
both the structure and developmental phenomena of various 
ordinary fungi uuder able guidance al the South Kensington 
BioldgicaJ Laboratory, so that he was not altogether meddling 
with an unknown subject in pronouncing nn opinion upon 
the claims of the Myxomycetes for association with these 
Cryptogams. Neither respecting more recent literature can 
the writer acknowledge himself to have been entirely in the 
dark. As a subscriber to that work, he possessed, and had re- 
ferred for fort hoi- information, to i>r. M. (.'. Cooke's Handbook In 
BriUti I-'iftgi, Vols. I. and H., published in the year 1871, and 
in which he confidently anticipated finding a masterly, ex- 
iimmary of all that was known concerning the struc- 
ture and vital phenomena of the Myxoruycetan order, with a 
■rpnial reference to the investigations »f Continental mycologists. 
The distinguished compiler of the British Handbook had, no 
doubt, worked out. the problem for himself, and had important 
a tiii mative or negative evidence to submit. Alas, f ir such hopes ! 
Trace of original investigation there wan none, while the latest 
KtenttalQ of the subject with which the editor displayed famili- 
.irity was Berkeley's Outline of an Introduction to uryptofaaat 
Botottf, quoted over leaf, and written fourteen years before 
[1867). His diagnoses and more general descriptions of the cha- 
racters of not only the Myxomyeetes, but also of tho Hymeno- 
mycetee.Gasteromvectes, Coniomvcetes, and Hvphonivcotes, with 
WM "I their leuding secondary subdivisions are admittedly 
copied word for word from that source. The results of tho 
Iter's well-mteiitiniii.'d efforts in pursuit of knowledge, so far 
refore as they related to the Handbook "f //"• Britinti Fungi, 
■& to be registered a blank. The serial that enshrines 
. Cooke's indignant repudiation of the writer's furtive 
attempts to rub mycologists of one of their most interesting 
orders kindled hope anew. Though silent as the Sphinx con- 
cerning the titles of the newer imjiortant works, that if consulted 
would have convineed the writer of the error of his ways, tho 
editor of ' Grevillea ' produces on the cover of his journal a list of 
hia voluminous contributions to Cryptogumic literature, including 
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one bearing the title of 'the Myxomyoetea of Great Britain, 
London, 1*77.' Here, at length, was a ' Daniel come to judg- 
ment ; ' here, doubtless, witc to be found revealed developmental 
facta and features undreamt of in the philosophy of De Bary 
and Cienkowski, and by which Ihc writer was to find that the 
views he advocated respecting the animal nature of these 
organisms were utterly demolished. The book in question, how- 
ever, an advert isetl in ' ' i rev i Ilea,' hardly fulfils the promise of it- 
title. In place of an original treatise, representing tneoutcomeod 
many years' original research mi the part of I'r Cooke, it proved 
to be a mutilated transcript, only of a ' monograph of the 
Uyoetosoa,' published by luistutinski, in I'..li-4), in tile year 

1875. Aa the author naively admits on the tide*] 
characters of all the orders, families, and genera, with descrip- 
tions of the British species and original analytical tables,' are 
reproduced word for word from the Continental work ; and 
since ' the Hyxomyeetes of Great Britain ' consists exclusively of 
these translated characters, with two or three pages of editorial 
introduction, its claim to recognition as an independent treatise 
as announced in ' GreviHea,' is somewhat doubtful. Asa trans- 
lation, limited only in ibe diagnoses of the British P j 
tives of the group, it furthermore does but imperfect justice to 
the more comprehensive system embodied in Itostafinski's 
Monograph ; and it is therefore satisfactory \<> know that a 
complete translation of this work from the Polish into 
man language is shortly announced. 

Thus much for the external features of the ' Myxomyoetea 
of Great Britain,' bat what of the internal ones? Instead of 
producing, as the writer anticipated, a complete refutation of 
De ISary's and Cicnknwski's observations, Rost*finaki Dfrf 
only embodies in his diagnosis of the group the characters 
of the we vera 1 developmental stages made known by these two 
authorities, but also in many instances reproduces their figures 
in conjunction with his own, and even adopts Be Burr's 
title, ' Mycetozoa,' in preference to that of Myxomycetes, 
for the distinction of the group. It needs indeed but to re- 
produce Br. Cooke's translation of Rostsfinski's diagnosis of 
the order, as given below, to demonstrate this point: — 



' My. 



De Bury, 1801 j llostafiDski, 1 



75. 



'When youii}[, naked, mobile, in consequence of which the nituwos ol 
Plasmodium have a ehinigin;; form. These masses at the lime of Tract i tic*' 
(inn, fometimea dividing themsi h 
motionless fruits. Fruil either irregular in form {fiat 
{iporongism). Sporangia, through fusion and union, produci 
then, compound fnritt \.ttli,iliitm'\. .'Klhiiliimi LtSl 
dimensions, of regular or irregular fonn, asked, or covered " iih o 
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(cortex). Spores produced within the fruit through frr-p^Tell formation, 
the surface through dh i.-ioii. Tin: ft intents of the spores at 
pertniiuttion (five rise to either at first- a asked (oospore provided with a 
cramped (contractile) vacuole, and Ioujc cilia, or to an ama-boid. 
res, or amielw. filiating together in masses, give riie 
|ila>iU'»li.i.' Itft/L i. M> a., p. --"I. 

The points conceded in the foregoing diagnosis, viz., the 
derivation of the sporangiu from mobile piasmoiliu, which ttre 
iln'iusclvrs built lip through the coalescence of a greater or 
less number of spore-derived amoeboid or flugclliferous units, 
which are provided with contractile vesicles, and, it should be 
added, the faculty of ingesting solid food, furnish nil that 
fin m riter requires for the establishment of their animal nature 
and affinities. Rostafinski's systematic monograph, at the same 
time, deals almost exclusively with the histology and specific 
distinctions of the sporangia and tlieir contained elements, no 
data or drawings of their developmental phases being included, 
twyond such as are evidently derived second-hand from De 
Bary and Cienkowski. The editor of 'Grevillea' ignoring the 
l.iri- adduced by these authorities, denies that the Myxo- 
i:i\,i :, subsist on solid food matter, and has possibly a 
melstioii of his own to disclose. Can it be that he gives 
adhesion to a novel interpretation of the development of the 
grotim placed on record by a Mr. George Massie in the pages 
ut Samce Gamp for January lttHl, and in which the Myce- 
tozoou S/i'imiiriii nihil is represented us producing spores, which 
(five rise to jointed hyphte, after the manner of the typical 
Fungi? A submission of the drawings of these germinating 
spores to a mycologieal expert, resulted, as was anticipated, in 
the verdict that they hud nothing whatever to do with the species 
to which they were accredited, but represented the adventitious 
spores of a species of I'i'iiirillium, most probably I', enutoetam. 
Mr. Massie treats the account given by De Itary and Cienkowski 
of the spores giving exit to motile inonadiform or amoeba-like 
germs as an idle talc, unsupported bv correlation with any 
recognized specific form, and which must vanish into thin air 
before the weighty proofs adduced through his own original 
investigation of Sjninturiii alba. The spores of Fuligo varimu 
\-l'thiiliiuii aeptioum) are also referred to by this writer as giving 
origin to branching threads, though, unfortunately, the farther 
development of it ' was not observed.' Other nameless species 
are likewise reported by Mr. Massie to have exhibited a similar 
plan of germination, while not in a single instance out of a 
number of types experimented upon were mobile cells observed 
to originate directly from a spore. 

That Mr. Massie is totally unacquainted with the original 
records of De Bary and Cienkowski is evident from the fact 
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(hut in making n quotation from the general account of I 
genyof tin' Myei.'tn*".i, m- i-li< iinl by De Bary, deUn I 
illman to the British Association meeting in the yea 
remarks : ' It i.s much to be regretted thai the Professor snonH 
not mention the species presenting such unusual and interesting 
phenomena.' Had Mr Massie consulted the two authorities 
cited, he would have discovered that the developmental pheito- 
mena referred to were traced in connexion with no 
twelve well-known species, a list, of which is herewith given > 

Dirli/iiiimit Lihertian&m, De Bury = 

Bteimmitis ubfuxata, Fr. = Cutaiitrh 

fitemoniti« /men, Hull: . 

jEfotutm sq*ie*m, Fr. - Futujo variant, Si 

SvrftUnMM papillata, Bourn. 

Areyria punictrt, I'era. 

ZWaMa Boris, Pen 

Lycugaia epidendron, Fr. 

IHdymium ttrpula, Fr. 

ZMtynMon d '."/'«-, Fr. ■= TSjutmoN /i-w^w 

Vhynrum n/huin, Fr. = ''••mlrii-ilurm^ dijf<tn 
Ii'mb pannoritm, Wallroth. 

In the two plates accompanying this article, the 
has further reproduced from the voluminous drawing* of MM.Di 
Bary and Cienkowski, their most characteristic illustration* ni 
the developmental phases of some half-a-dozen of tin aba 
named species; in all of which it. is clearly shown thai flu 
spores give birth to monadiform germs, out of which, 
further development and coalescence, the repent ami 
plasmodia. and subsequently the fungus-like eporan 
construe ted. 

Finally, since the Editor of 'Grcvilleu' has determined to 
repudiate this testimony, he declares that in order to establish 
the animal nature of the Myxomycetes, it is requisite to prodttofl 
evidence of a more substantial kind than the mere citation ai 
De Bary and Cienkowski, suggesting in a previous paragraph 
that the present writer ha-s no practical aoquaintanoe with the 
organisms under discussion, but has simply 'based his theory upon 
the figures he has observed in illustrated books.' rntWtimaicly 
for this intended overwhelming argument, it happens that even 
previous to the publication of his views in favour of their zoo- 
logical affinities, the writer was by no means unacquainted with 
representatives of this interesting group. Examples of Crati ruM 
pyrtformt (named bv Dr. Cooke) and Badhamia inaurata, ooUectad 
soma time since and lately examined, i rriTeal thfl 

opinion submitted. This examination, admittedly, WM restricted 
lo the matured Sporangia and their component elements, thu 
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developmental phenomena being recorded, us duly acknow- 
ledged, on the strength only of the two Continental authorities. 
Sinn.' recently, however, recognizing that greater satisfaction 
would be derived from a personal investigation of these develop- 
mental data, a variety of species have been carefully culti- 
vated with the most substantial results. In addition to the two 
species above named, the writer has been supplied by Mr. 
Thomas Brittain, a well-known mycologist of the Manchester 
■.liMrirt, with authentic examples of Li/mijulti >jm/rii</ron, Strtrto- 
nitlx fuxrn, DitK-ltrrn rfri/riiis, and PhyxHmm fiwxitiii/iiH's. Spores 
of all were sown in distilled water on ordinary slides, covered 
with thin glass, and kept, when not under direct examination, 
in a moist chamber. These were now examined from day to 
day and hour by hour. In some instances, where the spores 
had been preserved for too long an interval, germination failed, 
but in other cases, notably B'lc/mtmia i 'mm rat '», Steiiionitti /mat, 
and Pfir/saruni tumi/agtuis, an interval of from three or four days 
to a week has sufficed for the re waking of their latent vitality 
and the liberation of the contained germs. These germs iu 
every instance agreed substantially with the figures and descrip- 
tions given by He Uary and Cienkowski, — the one form, Stemo- 
ni.'ix /usrti, illnat rut log a type examined by the first-named writer, 
while the two others represent species of which the develop- 
mental phases have not been previously described. 

The phenomena exhibited, as observed by the present 
writer, while in all cases identical, may be preferentially 
recorded of Physnmm luwilaginia, illustrated by the ac- 
MMUpBBying PI. IV., figs. 30 to 55. In this species the 
(•pores being of large relative size, — 1 — 2000" to 1 — "1500", 
those of the other forms averaging but little more than one 
ball' these dimensions, — arc admirably adapted for cultivation. 
Tho power ehieHv employed in (heir more minute examination 
was a T Vth inch objective by Gimdlucli, with a magnification of 
own 600 to 1200 diameters ; a lower power, \ inch, sufficing for 
taking a more general numerical survey. So soon as within 
ttVBD hours after wetting the spores, or indeed directly follow- 
ing their deposition on the slide, an examination revealed the 
i companion ship of innumerable Bacteria, at. present quiescent, 
with a inure or less abundant sprinkling of spores other than 
, P/zi/s'irnm, and of considerably smaller size. The pre- 
■ these adventitious elements immediately, and not un- 
■■ i ly, suggi-stcd the drsi nihility of precaution in the regi.— 
■ in! ion of subsequent events. The spores specially sown w >.-!■>■ 
vmtd, under high magnification, to consist of an outer wall of 
blc liii.liM--. linlv eehinulate externally, and e.\- 
iihiting, by transmitted light, a dark umber or chitinous color- 
Tiu- protoplaamic contents rarely entirely filled thj 
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outer shell, but remained separated from it by a great* 
number of angular interstices. A central -; 

Hiili ; ntained nucleolus, one or more 

corpuscles, and numerous smaller granules, n ■ ■ 

total of die nv-.-iii/aUt- internal elements. By the end of Hoe 

second day active life bad already dawned upon toe scene. 

Bacteria were swiftly propelling themselves to and fro in nil 

directions; one or two bitlagellate monads, Ueteromttft, whose 

development was subsequently traced from certain of tl 

spores above mentioned, glided slowly along, dragging their 

posterior ftagella, ' gubemaeula,' cablewisa behind there : then 

present] v a turn of the stage adjustment brought the observer 

face to face with a ■■■.■■ '■ 

likehypha. Robinson Crusoe's feelings, when stumbling upon Qm 

naked footprint on the sand, frequent I \ imagined, were n t- 

arily realised. Were Do Bary and Cienkowski in the wrong f 
Had they mistaken some of these Htteromthr, or other intrud- 
ing monads, for Myxnmycctnu germs? and did this tl 
little group after all develops after the manner ol a 
Fungus? A little more patience, and the spore from which the 
hvpha cnianaled was discovered to be entirely distinct from those 
of the Pkysarum, and the barometer of our hopes wu* onoe n 
in the ascendant. Sparsely scattered amongst the sporee "f bhe 
Myxomycetan were presently observed, isolated hyaline proto- 
plasmic spheres having the same diameter and structure as the 
contents of the spore-eases, just described. In a little while 
the exit of one of these hyaline spheres from the eebinulate 
spore-cases was witnessed, and the relationship between the (W) 
substantially established. 

By the termination of the third day, these protoplasmic 
spheres bad much increased in number, some of them exhibiting 
feeble amoeboid movements. An additional factor had, however, 
now appeared upon the scone in the form of a vermicular. 
monadiform organism (PI. IV., tigs. 49 and 50), having a length 
of I— 1250" to 1—1000", and which progressed somewhat olumauy 
through the water revel ving on its longitudinal axis. A .-pin ■midal 
nucleus, with its enclosed nucleolus, was observable towards tin 
anterior extremity, and a single rhythmically contract in 
at the opposite region of the body. The derivation of these 
monadiform beings, from the extruded protoplasmic, spheres, 
was immediately suspected, and the correctness of tin- inference 
soon substantiated. Selecting an isolated and recently-extruded 
sphere, it was carefully watched ; and within a space of tfrO 
hours the entire tmimformation was gradually BCOOmpliflhed 

Foraeousiilerahlo interval the newly relcfl 
its signs of vitality to a feeble expansion and contraction o 
peripheral margin, and to the rhythmical pulsations of it- 



Till; 11YX0MYCETE8 OR MFCETDZOA ; ANIMALS OB n.ANTs P 1 1 1 

tractile vesicle, which, as well as the spheroidal endoplast, waa 

clearlv discernible. As lime progressed, alterations in i- 

IBBW were more strongly manifested, though without the germ 
moving away from the scene of its birth. At length an alto- 
gether elongate amn'boid, or vermiform aspect predominated, the 
nucleus or endoplast being shifted to one extremity and the 
"ntnielile vesicle occupying the other. Then all at once, a 
'tckering at the end containing the nucleus indicated the de- 
i"|'iiniil of a flagellate appendage, which in a few seconds 

11 listinctly visible. The ribratile motion of this organ soon 

d the body loii-i-illateand presently lifted it from its hitherto 
I poataon. It now remained adherent only by its jwisterior 
■initv, and, in u few more seconds, was launched into the 
rounding water a free-swimming, elongate monad. The 
several successive phases just described will be found illustrated 
in PI. IV. bv the figures numbered consecutively 43 to 48, 
During the next few days, similar inonadiform genus were de- 
veloped abundantly from the spores in all parts of the field, 
and the next step in their ontogeny fully certified. It was 
found in fact that the free-swimming condition of the germs 
was hut of brief duration, and subservient, apparently, Only to 
their local distribution. Within a day or two, sooner or later, 
the moojidifuriii brings once more betook themselves ton repent 
mode of existence, the rlagella being for a while retained, com- 
municating to them a remarkable likeness to the repent flagel- 
liferous animalcules, for whic.li F. E. Schulze has proposed the 
generic title of Mastigamfebti. The flagella being completely 
withdrawn, the organisms were now undistin^uisliable from 
ordinary Am&ba, and continued to creep about the field by 
lirnnd, ovate expansions of their periphery, after the manner 
oi ilnisr Khizopods. 

An important point vet remained to be solved. De liurv and 
f nukn\v>ki had declared that during both their mnnadiform 
and subsequent amoeboid phases, the Mvxomycctes ingested and 
uli ■! ited on solid food matter, figures as given by them in illus- 
ration of such nutritive faculties being reproduced in PI. III., 
58. 15, 10 and 45. and PUT., figs. 12, 13 and '28. This evidence 
is been regarded by some writers as extremely doubtful, while 
, others it has been categorically denied. A simple expon- 
ent, however, soon demonstrated that these two authorities 
ere again completely in the right. Examples, more especially 
f the repent amoeboid units, had been previously observed!, 
whose bodies contained vacuoles more or less completely filled 
with ingested Bacteria, which, being produced in numbers 
ior to the hatching out of the Phi/xariim germs, provided for 
i Mv<i lo/oii an abundant and ready set feast. The common 
• i uf adding pulverized carmine to the water, of such value in 
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^mplest expression, takes place with the Myxogasters, or aa 
^*ey may be preferably designated the Mycetoma, this last- 
med group can undoubtedly claim bonds of affinity with 
r more complex Protozoa. Thus, as previously intimated, 
B horny rete or capilHtium mostly, but not always, developed 
L-i thin the sporangium of the My relozoa. singularly resembles the 
lorny network or skeletal elements of the keratoso sponges ; 
while the calcareous concretions also frequently, but not in- 
rariablv, developed in intimate connexion with the capillitium 
ml wall of the sporangium, may be similarly compared with 
ineral concretions or spicula of the sponges. As certain 
mnges occur that possess neither a horny rete nor spicula, so 
Bjfeetozoa are also to be found having no mineral concretions, 
in which the capillitium is either absent or altogether 
"mentary, demonstrating alike in either instance the rton- 
■ntialitr of these several elements. A case in point illtts- 
rative of the resemblance that subsists between sponge spicules 
ithe mineral concretions of the so-called Fungi is afforded by 
' is of Phi/mrum, whose developmental pheuoinena have 
just been recounted, and in which, as shown at PI. IV,, tig. 
'", the minute stellate calcareous bodies scattered over the 
Mer wiill of the sporangium, are directly comparable with the 
nute sUdlate spicula characteristic of the Sponge group dis- 
tinguished by the title of the Tethyiihe. * In yet another direc- 
i the two groups of the Mycetozoa and Spoil gi da may lie 
co-ordinated. The sporangia or spore -receptacles ut' the first- 
named class, representing the quiescent state entered upon as the 
closing act of vegetative life, while morphologically comparable 
with the encysted phases of the ordinary Flagellate Infusoria, 
may, in virtue of their essentially compound character, be more 
correctly identified with the spieule-invested. compound, hiber- 
nating encystments or statoblusts (Carter), into which many 
sponge forms, including SftongilUt, become resolved on the ter- 
mination of the season's growth, and out of which are again 
liberated the rlagelliferous elements that build up anew coru- 
tnd sponge- stocks. 
In conclusion. With those mycologists to whom every spuiv- 
jiule is necessarily a Fungus, and whose vision is sealed to 
•ery organism beyond their special line of research, (he group 
f the Myxomyeetes or Myeetozoa, will doubtless to the end of 

» It has been maintain*! by sum Imx'b'hs nf the vi^etnble nature .if 

i Mvupiiiicii.rt, that tbew spiculo-like structures differ in no way rrom 
e crystalline secretion* of many pl&nt-tissiies known m * i-linphiiles.' Tln« 
■ f mich an iiiterjirt'tntiiiii i-t hiiwi/vermaiie obviuus in i'iijiiii\i.iii 
h the fact that plant rlmnliid- s ;ir» easi^ntiallv ia/ra-(vllular spcrclinii!-, 
1'ii'iila.r elements nf luptli I lie Sponges ami Myeetocoa flri'v -lii.-llv 
"na-evlhilar developments. 
HKW si;kies, VOL. V. — NO. XVIII. 1 
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time It Fungi still. Fmbrynlogical, developmental, and even 
structural data, are with these taxonomiste of no account ; a re- 
ceptacle containing s[>ores, never mind whence derived, and no 

matter what it produces, constitutes with them the »<■•/>■' 
what Hey are pleased to term a Fungus. With the intelligent 
biologist, however, who approaches the question, familiar with 
the fundamental structural, and developmental phenomena of 
other lower organic groups, and who is qualified accordingly to 
strike a just balance in accordance with the evidence.it : 
predicated that the days in which these organisms shall be ac- 
counted Fungi, or even vegetable types, are already numbered. 
Every successive stage in their lifo-historv, from their tirst evil 
from the spore until their final resolution into similar reproductive 
biwiies, may he consistently correlated with those of the typical 
1'rotozou, and with them alone. With the Fungi, on the other 
hand, their liken ess, as manifested only in the matured sporc- 
receptacle, is altogether superficial and illusory. In tin 
' Grevillea' the writer 1m- been aem-rd ..i' an attempt ' to squeeze 
tin' MyMiiuyeetes into the animal kingdom by stealth.' The pre- 
sent art iele constitutes in itself, perhaps, the fullest refutation of 
this charge. The stronger and more intense the light from all 
sides concentrated upon the question at issue the better. Above 
all things, moreover, let the light be reflected on the subject by 
means of the mirrors and condensers of our compound micro- 
scopes. Let each for himself work out the simple morphological 
and developmental data that must ultimately decide the point. 
But before all things let the subject be approached by those 
possessing so sufficient a practical acquaintance with all cognate 
organisms as shall forewarn and forearm them against- the 
innumerable pitfalls that will otherwise encompass them oa 
every side. 



EXPLANATION OF PLATE TH. 

The Utter* n. andc. v, hat* the tame meaning throughout , tiffmiffvtf, renpectrvety, 

the micleui or endoplasL, and the contractile vesicle, 

Pup. 1-20. A-Matium upticam, Fries. Faliao variant. Solum, (after 

De. Bary). 

Fio. 1. Portion of margin of ripe sporangium showing crust-lilio outer wall 

and internal spore mass, natural size. 
Fin. 2. Fragment of internal, horny network, or 'capibitiuui, * 300. 
Flo. 3. Three isolated spores, x 3SW. 
Figs. 4-7. Anicebiform germs heiiiji liberated through the rupture' of t 

spore-wall ; that at 7 entirely free, >: 880, 
Flos. 8—11. Successive llaRelliferous or muntulifunn pill 
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PM, 13-14. Mow advanced perms which have again assumed the repent 
smrehoid state, x 390. 

in. 15. A small repent ' plnsmodium,' produced through the further 
development mid continuum of a mimlier Of the preceding 
amoeboid units ; at i, ingested food substances, x 300. 

ids. 16, 1". Encysted plasroodiii; the one. at 16 containing numerous, in- 
gested sEtlialmtn spores, x 200, 

in. 18. Young repent phstm-dium, with fine, hair-like pseudopodi 
veloped posteriorly, x .TOO. 

io. 10. A ramifying Plasmodium extended on a glass slide; nati 

ir.. 20. Fragment of the same Plasmodium, x 45. 

Fig: 21-34. Lt/cagala epidendron, Fries, (after De Bnry). 
IQ. 21. Two matured sporangia attached to tan-wood, natural size. 
18. 22. A mature sporangium in perpendicular section, showing dtspositii 

of copillitium, x 10. 
ISM. 33-30. BueceeeiTe devi'liipmi-nta] phizes from the ~p.>iv tlirniipjli the 
flagalliferous stage, until at 21) and 110 the con.liti m of vouclt 
wpent plasmodiu La arrived at, x 3110. 
Figs. 31-34. More matured plasmodia, that at 32 exposed to view through 
making a section of tiic-wood, x 300. 

Fig, 35. Areyria cinerea, Fries, 
Figs, 30-45. Arcgria P wutm, Pen. {after De Barg). 
:«. 35. Matured sporangium, x 30. 
Flos. 36-45. Developmental phases from the germination of the spores 
through a tnonadiform condition to the wpem plasmodium 
state; the example at 45 wilii, ingested food particles, x 
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EXPLANATION OF PLATE IV. 
g». 1-14. Didf/mium Libertianum, De Bary {after De Bary. 2-14, 

Cienkowtkf). 

O. 1. Matured sporangium in longitudinal section, showing capilli 

* 25. 

Flos. 2-8. Developmental phases from the germination of the spore 1 

condition of small lvp.'iit pli^uiodin, x 350. 

res. 10 and 1 1. Small repent pliismodin increasing their di mansions through 

coalescence with the more minute anuehiform unite a a a, x 350. 

. 12 to 14. More matured plnsmodin, that at 12 in the act of engulph- 

ing a large food corpuscle, r', and that at 18 filled with similarly 

life -it ''>i e. irpHH.'li'S, the attenuated]}' extended plnsmodium at 14 

with four laterally developed contractile vesicles, x 350. 

. 15 to 22. Similar developmental phase!* of Itiiiymium {l'hytarnm) 

album ; at 21 the amoeboid units uniting to produce the young 

plesmodium.tig. 22, x 350. 

Fig. 23, Sporo containing two germs. (After De Bary.) 
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Figs. 24-29. DufynUutn, Fries. (After CienkowsJd.) 

Fig. 24. Matured sporangium developed in a reticulate form over a living 

leaf of ground ivy (Qlechoma hederacea), natural size. 
Fig. 25. Portion of matured erect branching plasmodium. Nat. size. 
Figs. 26-29. Monadiform and amoeboid germs, that at 28 with i t, ingested 
food particles, x 550. 

Figs. 30-55. Phgsarum tutsUaginis, B. and Br. (From the writer's original 

drawings.) 

Fig. 30. Three matured sporangia adherent to a leaf of common coltsfoot. 

(Tussilago farfara), x 6. 
Fig. 31. Isolated sporangium, x 10. 
Fig. 32. A small sporangium in lateral view ; towards the extremity a, the 

spores having escaped, have left bare the thin membranous 

wall, with its externally scattered calcareous spicula, x 30. 
Fig. 33. Margin of membranous wall of sporangium, with on the upper 

surface equidistantly dispersed spicula, and on the under one 

delicate branching capillitium threads, x 100. 
Fig. 34. Fragment of sporangial membrane with scattered spicula as seen in 

superficial view, x 100. 
Fig. 35. An isolated hexradiate-stellate spiculum from the sporangial mem- 
brane, x 400. 
Figs. 36-39. Germinating spores showing different stages of development, 

x 800. 
Figs. 40-42. Spores with their walls ruptured, giving exit to amoebiform 

germs ; at 42 an abnormal example containing two germs, x 800. 
Figs. 43-48. Successive phases of development of a single extruded germ 

to a free-swimming monad, as described at page 111, x 800. 
Figs. 49, 50. Two free-swimming monads, in the former one the vacuoles at 

t, contain exceedingly minute injected carmine particles; the 

example at 50 with larger, and scattered ingested granules of the 

same pigment, x 800. 
Figs. 51, 52. Monads that have entered upon a repent amoebiform existence, 

the flagella as yet being retained ; the example at 52 with ingested 

carmine particles, x 800. 
Figs. 53-55. Repent amoebiform zooids, or young plasmodia, representing 

ulterior developmental phases of the preceding free-swimming 

monads ; the examples 54-55, with numerous ingested carmine 

particles, x 800. 



THE PERMANENCE OF CONTINENTS. 
By J. STA.RKIE GARDNER, F.G.S. 



' T T is not too much to say that every spot which is now dry 
-L land has been sou at some former period, and every part of 
the space now covered by the deepest ocean has been land.' 
This sentence occurs in the latest edition of Lycll's Priiwiplex of 

IGtoioffff, still perhaps the most authoritative text-book on the 
subject, and the view it expresses has been generally received 
us an article of faith by geologists until within a few years, or 
even months ago. 
Lately a change of view has taken place, and now many 
cttrtingiualud men hold the completely opposite opinion that 
oceans have been permanent from the remotest times, and that 
continents arc, and have ever been, fixed lands, subjected to 
ceaseless modifications of form. Among the most conspicuous 
partisans of the new theory are Sir Wyville Thomson, Prof. 
Geikie, and Mr. Wallace ; and the latter especially seems to 

»bave collected together and presented in his fascinating book, 
Ixhmd Life, every kind of evidence that tends to support it. 
Nothing appears to have escaped him, yet the whole when 
summed up must seem to every geologist to fall far short of 
proof. Still, although the evidence upon which the theory is 
based is as yet wholly insufficient, it by no meuns follows "that 
the theory itself is improbable. 

The chief evidence upon which the Permanence of Continent* 
present rests, is purely geological. It is argued that the 
whole of the sedimentary rocks are littoral deposits, or those of 
1 seas ; and if this can he maintained, the theory would, 
most as a matter of course, be accepted. Mr. Wallace, there- 
endeavours by every means to prove it. 
Chief among deposits hitherto supposed to be oceanic, is the 
'halk; and to the discussion of this formation, accordingly, almost 
i whole chapter is devoted. Mr. Wallace expresses the belief 
, far from the Chalk sea representing a wide ocean with 
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fen scattered island* comparable to some parts of the Pacific, 
'it formed us truly a portion of the great northern oral 
it does now.' 

The evidence, which he has to set Bride, ia favour ol the 
Chalk being a truly oceanic deposit, ighty how- 

aver, and by no means easily disposed of. Its vast extent- 
stretching from -Sweden to Bordeaux, andiron] Ireland to China 
— and its freedom everywhere from impurities derived from the 
degradation of land, are greatly in favour of its oceanic origin 
The areas that are known to have been denuded, and the enor- 
mous deposits of flint-shingles which characterize the Eocenes 
from their base upward to the most recent gravel*, show 
how colossal this denudation has been. 

The Chalk that has escaped seems but the fragment of u 
mass which once passed under the Atlantic, for even the Scilly 
leles arc strewn with flint, and the last remains of it in i teYQB.- 
ahire and the north of Ireland are as pure as elsewhere, and 
show no signs whatever in the Chalk itself, towards it- wetten 
boundaries, of the proximity of shores. This vast deposit, 
abounds with Qlobuivriiia, of species identical with ll, ■ 
modern Atlantic mud, and with coccoliths and diaoolitba. 
Representative siliceous Sponges are abundant in both, and the 
recent chalk-mud has yielded a large number of the group 
Poriu-ru ritrca, which find their nearest representative 
the V<' n trim lite* of the White Chalk, The Echinodenns of the 
deeper parts of the Atlantic basin are very charaeterisTie, and 
yield an assemblage of forms which represent in a remarkable 
degree the corresponding group in the White Chalk. SpeCOM of 
the genus Cuktris are numerous ; some remarkable flexible 
forms of the Diademtdte seem to approach the Echmotfatria ;* 
Khisocrinvs is closely allied to the chalk Bviirijwlk-rwux, while 
even among fish (he genus Bi-rys, so abundant in the Chalk, hue 
been found by Br. Carpenter, and the fresh light that the pub- 
lication of the deep-sea fish of the Challenger Expedition is likely 
to throw on the subject will be looked forward to with much 
interest. 

Prof. Duncan, t when investigating Corals, became impressed 
with the remarkable persistence of character and absence, nt 
variability in those of the deep-sea fauna. ' The dredging in 
1096 fathoms off the coast of Portugal, which yielded Pi-nta- 
crimia Wyvtite-Thomtoni, Jeffreys, produced many corals; and 
the series presented an eminently Cretaceous faeies. The genus 
Buthycj/athua, whose species, Sowrbj/i, is so well known in the 
Upper Uroensand, was represented there by numerous specimens 
of a species closely allied to that form.' 
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A new species of Cnryoph ;/llin, allied by its structural pecu- 
liarities to V. Boirerbnnki of tho Gault, and a species identical 
with the well-known Caryophitlli't cyliintmcfa, Reuss, sp., were 
discovered at the same time. The homotaxis of piirt of tho 
Coral fauna of the Atlantic and that of the Cretaceous ocean, 
Prof. Duncan considers to be very remnrkable. 

Against this well-nigh irresistible evidence in favour of the 
neeaiUQ origin of Chalk, Mr. Wallace states that no specimen of 
Globigcrina ooze yet examined agrees, even approximately, with 
Chalk in chemical composition. The diti'en'iu'es between the few 
analyses that have been published, are chiefly in the relative 

JiiLiii i ities of carbonate of lime, silica, alumina, and oxide of iron. 
t is by no means apparent that Sir W. Thomson's sample is 
the nearest analogous deposit to Chalk that could be found in 
the beds of the Atlantic or Pacific; but supposing it to be so, 
the great changes in chemical composition to which Chalk bus 
been subjected since its consolidation, are entirely overlooked 
in comparing the analyses.* Chalk is, and probably always has 
been since its upheaval, constantly saturated with percolating 
rain-water, which enters as soft water charged with carbonic 
acid, and comes out in springs of hard water charged with car- 
bonate of lime ; and this alone in the course of ages would 
i any swfty the mure soluble conatituenta such as iron, alumina, 
and magnesia. An even more important change is due to the 
removal liy segregation of its silica into tho form of flint. This, 
doubtless, took place when the silica was in a colloid state, and 
seems to have been arrested, whilst the Chalk was consolidating, 
wherever harder and softer layers alternate. Its once viscid, 
almost fluid, state is shown by the manner in which it has pene- 
trated the minutest pores of Echinodenns before destroying the 
shell ; and it seems probublo from the way in which it has re- 
placed carbonate of lime,-f- that it had not parted with its 

* The onidyaes relied upon in support of this »rc by Sir W. Thomson, of 
r.ilobi£?rinn uow, via.: — 

Carbonate of Lima .... 4303 to 70-17 par cent. 



Supposed Volcanic Dust 
And of Chalk, by Pavid Forbes:— 

Carbonate of Lime 
Carbonate of Magnesia 
Alumina nud Phosphoric Acid , 
ei.i,.jj. „t a~i:. . 



1-40 to 
600? to 
4-130 to 
4-60 to 


2-66 „ 
88-90 
IKK! „ 


Orpi Chalk, 

0*00 

0-31 


Wliil" Chalk 
Saoreuun. 

08-40 

0-08 

CM* 



iraoiauie aeons .... ovui nu 

t All the ..'flrloiinte-of-lime shells are replaced in the Blaekdown deponU 

■ilicn.. 
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CTjranfc add*. That it did not woae *ae «S£ scare until at^_ 
Kra-tt after the partial coix«olidaticci of tie Cfcalk is* obTiooa^j: 
thr'sufrh the tilling in of &Kare» at lies.? anzW *> ice bedding, 
whi'rh could nrrt have existed when it fenced the «artace <edi- 
m*nt of the ocean bottom. In comparing t£» Wifte Chalk 
ari;ilv»ift with that of the ooze, therefore, ve mass beu* in mind 
that, a* alrea/Iy pointed out by Mr. Sorby. Mr. S:-IIa&. and Dr. 
Wallich, a portion of flint mast be added eqaal ••> rhat which 
hat U*-ti vparaU-d away. In a similar manner, iron has been 
removed and nejrregated together, to be crystallized principally 
info globular bulb* with a radiating structure.* 

Th'; Ah':llx composed of carbonate of lime. «och as those of 
f ;a<itropod*,f Cephalopod*, and Dimyaria. seem abo to have been 
diniolved away, perhaps by the rain-water which falls upon the 
f 'halk, Maturate it, and passes through it by capillary action 
unceasingly. Another evidence of change is shown in the crys- 
talline condition of shells composed of phosphate of lime, such as 
the Avj'MjIi'ltf*, the liranchiopoda, the Echinodermata. £c. 

It is surprising to find that no allusion whatever is made to 
t his range of facts by Mr. Wallace ; and those of his readers who 
arc unacquainted with them, are left unaware that Chalk has 
undergone Miieh great change** in its composition since it was 
the bed of the sea, a* to deprive the unqualified statement that 
I lie anal vie* of Chalk and Globigerina ooze ' do not even approxi- 
mately agn*e/ of any scientific value. 

These faetH further tend to show, as indeed is obvious 
from a comparison of the faunas, that the similarity in the 
analyMiM of the Oahu chalk and the White Chalk, upon which so 
much stress i'm laid, is purely superficial.^ In spite of the fact 

• It mwiinwH vary beautiful forms in the Grey Chalk, and has occasionally 
roiiiiili'fa'ly replaced njio!if{f*. The iron is frequently ochreous in theWhiteChalt. 
T (JastrnpodM are found a«* casts in the Grey Chalk, slightly coated with 
iron, find occasionally traces are met in the Lower White Chalk in the same 
condition. Higher than thin even the most indistinct outlines of the larger 
forms, Hiifh ns Pleurotomaria, are rare. I have seen but one trace of shell 
mi iiny spiral Oastropod. and this on a fragment of Dim's from the White 
( -hulk near Norwich. Small thin fragments adhered to the cast, and the 
circumstance is remarkable as Funis almost alone of the Gastropods pre- 
(ktvch its shell in the Cambridge Greensand. The shells of Cephalopoda 
seem to jhmw»ss a slightly greater resisting power, and their casts are, as a 
rule, more distinct. 

J Analysis of Oahu chalk : — 

Curl>onate of Lime . 

Carlxmato of Magnesia . 

Alumina 

Oxide of Iron . 

Silica .... 

Phosphoric Acid and Fluorine 

Water and loss 



92-800 
2-385 
0*250 
0-543 
0-750 
2113 
1148 



Geology of the U. S, Exploring Expedition, p. 150. 
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•hat 'this chalk consists simply of comminuted corals and shells 
"■oi the reef,' aiid is, when examined microscopically, 'found to 
Ae destitute of the minute organisms abounding in the chalk of 
^England," Mr. Wallace states that in several growing reefs a 
-strmilar formation of modern chalk, undistingu is liable from the 
>«ncient, has been observed. 

Mr. "Wallace thus assumes that the Chalk is derived from 
hscessively fine mud produced by the decomposition and denu- 
' elation of coral reefs; but this view appears to me to be 
f «n tenable. Mr. Murray expressly states that no Qlobif/triaa 
were found in any of the enclosed seas nf the Pacific which 
],i» t.-ss tin's chalky bottom; and to account for Qhhiijerinn in 
| the Chalk it has to be supposed that the Chalk sea was open to 
the liulf Stream, i.e. the Atlantic. Further, to provide the 
necessary conditions we are obliged to suppose this vast sea to 
have been bordered with islands and coral reefs, and that no 
large rivers flowed into it, and vet absolutely- no (races of these 
coral reefs remain, while an inland sea could hardly have 
existed in proximity to a great permanent, con linen t without 
some rivers draining into it. A curious piece of reasoning is 
that in the Maestrieht and Faxoe chalks ' we have a clear indi- 
cation of the source whence the white calcareous mud was 
derived which tonus the basis of the chalk.' If these local 
and far newer deposits are seen to be highly coralline and the 
Chalk is not seen to be so, we have rather a clear indication 
that they were not deposited under the same conditions. The 
■ ii M<vuimuru& in the Maestrieht beds, and the far newer 
■ i its fauna, show that it must have belonged to an 
r different period, probably the one represented in 
America by a great so-called Cretaceous series containing a 
mixture of Cretaceous and Tertiary mollusca, dicotyledonous 
plants, and Momsaurwt. From even' point of view, in fact, 
the inference that the vast Cretaceous deposits are analogous to 
small local deposits of coral mud in the Pacific does not appear 
Ifl be the true one. 

With regard to the probable depth of the ocean which 
deposited the Chalk, the evidence brought together by Mr. 
Wallace is less un.sal ist'uetory. Mr. J. Murray, for instance, 
sees the greatest resemblance to it in mud from depths of less 
■ n 1000 fathoms; and Dr. Gwyn Jeffreys rinds that all the 
Mollusca of the Chalk are comparatively shallow-water forms. 
We must bear in mind, however, that the characteristically 
deep-sea families and genera, such as linlla and the Solenoeon- 
cbiu, L't/n, Ne&ra, and Vertieanlia, would have long since been 
dissolved away if present; while great and highly characteristic 
c rets cedus genera, such as hioceramm and Ilijtpitrilcs, are wholly 
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extinct, and nothing therefore can be safely predicated eon< 
eenung their habits. 

In the Grey Chalk: near Folkestone dark imp! 
all the deep-sea Mollusca enumerated above are nhuuds 
the Gault and a part of the Lower Greensand are lull ofthtfe 
sheila in perfect preservation. Their absence in England at 
least, from the Chalk, seems very clearly due rather 
quest destruction than to their never having been present Of the 
Chalk genera that are preserved, /'< 1 ! 

vnia, and the Brachiopoda are represented bv I 
Jeffreys as having been dredged at from 1450 to 1 70c fathoms aid 
upwards. As for the abundance of Ammonites shon in . 
P. Woodward once supposed, tin 1 water to have been u sha&M 
as thirty fathoms, Mr. Wallace himself would be the firsi la 
repudiate such mere supposition, wore it urged against the 
theory he seeks to establish. Were Ncmtilua and Spiruk 
shallow-water forma they would Ion*? — i t = = -■ ■ have been captured 
abundantly. The still existing shells of the Chalk itaeU an M 
few that little weight can be attached to them as an iiidiratiini 
of depth, (nit in tlii' lower Cretaceous dejwisits Mollusca abound, 
as already stated, and in perfect preservation ; and their tuam, 
taken nth the complete absence of shallow-water forms, 
implies, l>r. Gwyu Jeffreys believes, a depth of eea in the 
Gault period of somewhere about 1000 fathoms. Mr. Sorby, 
from quite other consideration.-., believed the Gault to Ix? an 
altered red clay, similar in all essential respecta to li ■■■ 
now forming at the ocean- bottom, There seems thus to be abun- 
dant evidence, endorsed by our greatest authorities, that at least 
some of the Cretaceous deposits were deep-sea, while (here " 
total absence in them of anything necessarily indicating the 
proximity of land.* With regard to the Chalk itself, bowBTWi 
the facts are still somewhat contradictory, for it far overlap! 
the Gault and Grey Chalk in Devonshire, and rests up" 
sand ; yet although it thins out to the west it remains a. per- 
fectly pure rock, without any apparent evidence of the upper 
part of the formation having gradually shallowed as the sea-bed 
became upheaved. 

The immensity of the gap, seldom adequately realized, 
between the true Cretaceous and the nest overlying bed*, 
implies an interval sufficient to have permitted the grandest 
changes in the distribution of land and water, and the gulf of 
the Atlantic, which stretched over the greater part of Enropaj 
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THE I'EKMASEXtK (IF CONTINENT*, 

to become elevated ; and, after enormous denudat 
converted into land. 

Hut even al together apart from what in to be learned from 
tbe Cretaceous rocks, it is not apparent that continents have 
ban uninterruptedly permanent. Australia and Asia, Africa 
■ad Madagascar, New Zealand and Australia, Europe and 
America, are all supposed to have been united at some more or 
lew remote period ; and to explain the present distribution of 
:-. aeaa of a thousand fathoms depth are bridged over 
as often as it happens to bo deemed requisite. But it is still 
ipiii-tiiinable whether these former land connexions, which are 
admitted by Mr. Wallace, will be found sufficient to explain all 
the past as well as present peculiarities of distribution. For 
balance, a much more southerly land connexion between Eng- 
land and America seems required to explain the presence of 
American plants, such as palms, in our Eocene, because 
their absence in beds of corresponding age in the United States 
and Greenland implies that they did not pass along the northern 
route traced out for them. If sea-beds have been elevated to 
the extent of a thousand fathoms, and if there are forces capable 
of elevating the highest mountains in the world from below tbe 
sea level within a comparatively recent period, why are ' hypo- 
thetical continents bridging over the deep oceans 1 'so utterly 
CKituilous uuil entirely opposed lo ail I lie evidences at our com- 
mand,' aa Mr. Wallace wishes us to believe? There appears 
to be no valid reason why Europe should not have been con- 
nected with South America, by the so-called Atlantic ridge, or 
even Australia with South America by way of Easter, Gambier, 
and the Fiji Isles ; for if these great banks, with islands occa- 
sionally rising to tbe surface, do not mean changes of level in 
the sea bottom, whether of elevation or depression, what do 
they mean ? 

To take other instances, in which Mr. Wallace's explanations 
do not seem to be the best solution o£ the facts. Sir Joseph 
Hooker, in his singularly interesting introductory essay to the 
Sfaw Zealand flora, stated that seventy-seven plants are common 
to New Zealand, Tasmania, and South America, comparatively 
few of which are universally distributed species. Further, 
there are upwards of 1 00 genera or well-marked groups of 
plants almost confined to lands of the south temperate zone, 
effecting 'a botanical relationship or affinity between them all, 
which every botanist appreciates.' For reasons which appear 
to be unanswerable, he lias rejected the theory that these plants 
were transported across the seas which now separate these lands, 
and considers that the plants of the Southern Ocean are ' the 
remains of a flora that had once spread over a larger and more 
continuous tract of land than now exists in that ocean,' and that 
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this land had been broken up by climatic and geological causes. 
Mr. Wallace supposes ;ni emigration to have taken place iron 
Chili by way of the South Shetland Isles, 500 mil 
Cape Hora, thence by way of an antarctic continent or grou 
of isles, which probably extend around the South Polar are 
to Victoria Land, again on to the outlying Young Island, BCTH 
750 miles of sea to Macquarie Islaud, and, finally, arms 
another similar distance to the 1000 fathom line, which, he con 
aiders, 'probably marks the former southern extei 
Tasmania.' This appears a route beset with obstacles botl 
cliniatul and geographical, and broken up by extents ol ■ 
Sir Joseph Hooker has expressly stated many of the plants MSB 
moil to these remote lands to be specially unfitted to traverse. 
The bed of the ocean is as undulating as the earfai 
land ; and this is hardly the condition it would have as 
sumed had its state been that of eternal rest, The objecti 
that oceanic islands, with the exception of New Zealand a 
the Seychelles, hardly ever afford traces of PaUeozoie 
Secondary formations, and cannot therefore be remains 
continents, is far from insuperable. The smaller oceai 
islands, to which the statement alone seeins to apply, would 
if belonging to continental areas, be only the summit:. 
mountains that are either rising or sinking; and us they 
mostly of comparatively recent volcanic origin, it is hurdl 
likely that we should meet with Pakeozoic or Mesozoic stratifi 
rocks exposed on them. It is even more curious, it' they ha' 
been uplifted from the great depths which surround them, tha 
no traces of the bottom sediment, which must, have hern i 
latin g continuously from the Palicozoic period, should hjm> boej 
brought up with tlieiu. Speculation is, however, useless, tol 
the only geological fact regarding them about which wt 
can be certain is that whatever secrets they have to dis 
close lie buried deeply under volcanic outbursts. It ii 
certainly strange that 51 r. Wallace mokes no difficult ic: 
whatever in admitting changes of level in the sea hot ton 
to the extent of 1000 fathoms, but will not entertain tl 
possibility of any greater upheaval. Yet some oceanic 
islands must have been upheaved from vastly greater depth* 
and mountain chains have been raised to three t.inie> 
tent in comparatively recent times. 

It is well known that these forces are unceasingly acting 

yet no reason is put forward to show why an elevati 

set in action in the centre of an ocean, should not contmu 
gradually to act until even a continent is formed. In tin 

• The elevation of from -KK1 i.i l.'K'K) f,rt which Chili and Pntngoiiis hnri 
1 1 mt.-riri >i i»- f'ir severs! hundred miles since the existence of the li> ii- 
u! Mollusca oiust imply at k-aat correspondingly great subside in- 
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of Prof. ITuxIev, ' Surely there is evidence enough and 
that the Cretaceous sea, inhabited by various forms, 
rhose descendants Sir W. Thomson, as I believe justly, 
s in the present deep-sea fauna, once extended from 
tin over the greater part of central and southern Europe, 
;h Africa and Western Asia to the Himalayas. In what 
ible sense can the change of level which has made dry land 
and sometimes mountain masses of, nine -tenths of this vast 
be said, to be " in direct relation to the present ex- 
coast-lines." That the abyssal plains were ever all 
. .(ted at once is certainly so improbable that it may justly 
termed inconceivable ; "but there is nothing, so far us I am 
:, in the biological or geological evidence at present acces- 
to render untenable the hypothesis that an area of the 
■Atlantic, or of the Pacific sea-bed, as big as Europe, should 
ive been upheaved as high as Mont lilanc, and have subsided 
a pi in any time since the Palaeozoic epoch, if there were any 
grounds for entertaining it.'* 

It is so obvious that the causes which lead to elevation and 
subsidence must react one upon the other, that I am tempted 
to speculate upon them and their effects on deep-sea basins. I 
have long been struck with the almost universal tendency to 
depression exhibited in areas occupied by deltas and estuaries. 
The thought has occurred to many, and has perhaps been most 
clearly expressed by Dr. Charles Riekctts, that this subsidence 
is produced by the accumulation of sedimentf The cause 
appears insignificant, vet something must determine the move- 
ment of the Earth's crust, and even an accumulation of a few 
feel of clay over several square miles may create disturbance, 
:uid eventually lead to a downward tendency. Supposing a 
sediment, 50 feet in depth and entirely submerged, to have 
displaced an equivalent of sea-water, we should have an in- 
creased pressure per square yard, taking the mean density of 
the materials composing a delta at 120 lbs. per cubic foot, of 
rather more than 2.5,000 lbs., or about 34,848,000 tons per 
■quare mile. As soon as the whole of the sea-water on an 
i-i'ii is displaced and movement lias sot in, every cubic yard oi' 
"linirni deposited adds a weight of about 3240 lbs. ; and 
see that deltas have accumulated to depths of perhaps 
• vtn beyond 1000 feet, and extend, as in the Mississippi, to 
-quare miles, we can realize how vast a force is 
present. 

* Review of the first volume of the publications of the Chnllenyer, 
S«'tirr, vol, iriii. p, 1. 

* ';<■■*. Maq. H7L>, vol. 11. p. 110. 
| Kr/Kirt »n Mi'Wti/i/li V. S. o"„>- ])tp„tme,tt , 18(14, p. 4.'[4. 

ttemd* .if boring* in deltas ere, the I'o, W0 feet, Ganjres, 48 
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The inference ns to the origin of depression, which can h 
drawn from delta and estuary areas, may equally bo applied t< 
coral-reefs and islands, and even to great accumulations ol id 
as in Greenland; for in almost all such situation* tlir-n 
appears to be a nearly continuous downward tendea 
are even grounds for supposing that the depn 

siTViil»lc rinnul se:i-r.o;ists m;i\ In- elm.' to a similar cause. Tbi 
sediments from the wasting of the shore* are km- 
thrown down almost wholly upon a belt thirty mi' 
The moving power of waves is not felt to & greai 
than forty feet ; and it is therefore' difficult to explain, exeepi 
upon the the theory of subsidence, why in ihe 
currents, the sea in proximity to shore should ever be more thai 
forty feet deep. All ancient lands shoidd he surrounded i 
extensive shoals of uniform depth, for tides appear 
permanent action in removing sediment, and shore-currents 
the requisite power are local. The prevailing action, indeed, 
on our own coasts appears to be silting, if we may ju 
the way wrecks become imbedded; and the evideni 
sidence are innumerable. The records of subtnergi 
vegetation are frequent, and though, on the other nan 
arc ill many places raised beaches, it should be remembered 
that while these are always conspicuous, depressed beaches can- 
not, easily attract notice. 

If it were once conceded that sedimentation direct! 
subsidence, we should discover a reason for the permanence of 
ocean basins, for deposition must have been unceasing since 
Paleoosoic times, and would to a large extent have filled in the 
depths of the ocean were this action not compensated by 
staut and gradual depression, exceeding perhaps the rate i>i 
sedimentation. The mean of four experiments made on th< 
Challenger expedition, determined the quantity of carbonate o 
lime in the form of living organisms in the surface waten h 
be 2545 grammes, so that if these animals were equally 
abundant in all depths down to lt)0 fathoms, it would give IS 
tons of carbonate of lime to each square mile of 10U i'.itlmi 
depth.t 

The weight of sediment must exercise enormous pressure 
tending to make the greatest depths of the sea permanent, 
to continually elevate lines of least resistance into ridges or 
banks, leading where the state of tension is extreme, 
m-ippi, ("'0, in which the lowest beds reached were turf and vpffetshle 
mriitcr. Th" total thickness of many deltas, each as that of the Gauges. 
niiiv I-' inferred from the depth of the *ea iu which they ate tccumulataBff. 
"* The denudation haw been estimated to equal nineteen fee) in 1UU0 
t In great depths shells are reduced to bicarbonate) mid i hi- BH 
low of material. The supply of lime does nol seein, aowevsr, to to Ml 
to any (Treat eitent from dead organioms, bul '■■ urohablj kept up by ri 
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isolated volcanic outbursts. The lines of absolute least resist- 
ance would probably, however, generally coincide with sea- 
margins, and upon coasts, therefore, while we might find a 
tendency to local depression, owing to the littoral sedimentation 
at a few miles from land, there would be inland a far more 
important and preponderating tendency to elevation. 

Thus there would ever be a direct action deepening ocean 
basins where they are deepest, and raising up the shallower 
parts to higher levels, thereby slowly lessening the superficial 
area occupied by seas. On the other hand, the dry land would 
extend in a corresponding degree, and its surface become more 
diversified, for new mountain chains would in succeeding ages 
have a tendency to greater and greater elevation. 

I think all we are able to gather from the records of 
Palaeozoic rocks points to a comparative uniformity in the 
condition of the earth's surface in remote times, there being 
neither evidence of great depths in the sea, nor of mountainous 
elevations in the land. These conditions, to judge from palae- 
ontological evidence, were increasingly modified during the 
Secondary period, and on to the present day ; so that the theory 
that increasing weight causes increased depth, derives sup- 
port from the Geological Record. 



PRELIMINARY NOTE ON THE EXISTENCE OF IC 
AND OTHER BODIES IN THE SOLID STATE AT 
TEMPERATURES FAR ABOVE THEIR ORDK 
MELTING POINTS. 

By THOM \s CARNELLET, D.Sc, 

1'HOFKSSnn t>F ClIKMISTHY IN Kill] ll COLT.FriK, Suf.fvi 



IN the present communication I have the honour to Ibj before 
the Royal Society a detailed description of experiment'. 
proving that under certain conditions it i- ]■■ 
other btidii's in r\i-i in tin' solid -luir Lit h mperaturea f ur above 
their ordinary melting points. On a future ooosaou I hope 
to submit, to the Society a full account of the investigation of 
which these experiments form a purl, together uitli the conclu- 
sions to be drawn therefrom. The bodies whose behavi 
propose to discuss at present are ice and mercuric chloride, 

Ice. 

In the case of ice the great difficulty to be 
is to maintain the pressure in the containing vessel below 4ti 
millims., i", c, the tension of aqueous vapour iit the freezing 
point, for it will be easily understood that if the ice be but 
slightly heated the quantity of vapour given off would soon be 
sufficient to raise the pressure above that point. After several 
fruitless attempts the following plan, involving the principle of 
the cryophorus, was adopted. 

A strong glass bottle, such as is used for freezing wafer, b" 
means of Cane's pump, was fitted with :i cork and gloss tube < 
(fig. I), and the cork well fastened down by copper wire and 
paraffin wax. A and C were then tilled with mercury, aod 
connected with the end of the tube 1)E by means of the piece 
of stout india-rubber pump tubing B, a thermomet< 
been previously attached by the wire x to the lip 
.1 Mi- Prwttdingt afiht fijyuJ Sonetg, I — I. No. - 



EXISTENCE OP ICE AT HIGH TEMPERATURES. 



129 



The connexion at B was made tight by fine copper 

The tube DE was about one inch in diameter, and about 

>et long from the bend to the end E ; after connexion 

j it was completely filled with mercury, care being taken 

_>el the air from A, C, and DE as completely as possible ; 

whole was then inverted over the mercurial trough F, as 




Fra. If 

wd in the figure, when the mercury fell to o, the ordinary 
ght of the barometer. The mercury was run out of A by 
ing up the bottle and inclining the tube DE. By this means a 
-riccllian vacuum was obtained from A to o. DE was next 
ught to the vertical, and the bottle A placed in the trough P. 
;in bottle G without a bottom was fitted with a cork, so that 
night slide Bomewhat stiffly along DE. 

* For the use i>f Ibia and tbe following figures we arc Indebted tins 
' le President of the Koyal Society. 
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^./ffi*/< ( 0,/ }.*:••. rw :.'.:.? luf. t^s-z rirri.ce of the ice first, 
t H <*iu\t\ UiV*- \,\iujr horn a free surface, and the vapour 
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not become imprisoned, as was the case with the ice attnchcd 
to the sides of the tube. 

These experiments were repeated many times, and always 
with the same result, except in one case in which the heat 
applied had been very strong indeed, and the ico attached to 
the sides of the tube fused completely. On removing the 
lamp, however, for a few seconds the water froze again, not- 
withstanding that the portion of the glass m contact with 
it was bo hot that it could not be touched without burning the 




bei 



The chief conditions necessary for success appear to be — 
(1) That the condenser (A, fig. 1) is sufficiently large to main- 
tain a good vacuum. In the present case the capacity was 
about three quarters of a litre ; (2) That the ice is not in too 
great mass, but arranged in thin layers. Further, in the case 
where the heat is applied to the inidcr surface of the layers of 
ice, the latter must be sufficiently thin to allow of a vent-hole 
being formed for the escape of the steam coming from below, 
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«ed wa& is bulb 
aid ef At t*be «ij chd- 

1 ■ -. mi ■ t toe 

• •>. pomp 

nt «t rosjly 
with t&e following 



i fcj | 

rendu : — 

5oC the efiffctee* faaioB occurred, ht Ac alt repadlr *cb- 
Irmed into the rooler porta of the tab*, whilst the uiTubtiltzei 
pcirtKm of the ah thrank nn front the side* of the tube sol 
dnf Unanemiy m the form of & solid mm* to the bulb of the 
thermometer, which rone c oaainWa hty shore -i'*. 1 
mercury of the thermometer J»™*l«g up to the b 
Mem. After slight cooling the air was let in, and 

! ''j the liojli 
of the thermometer at one* melted and began to boil, cracking 
the tube at the mm time. 

The experiment was next varied a* foil, 

About the ammo quantity of chloride was placed in the 

tube A, 6g. 3, as before, and heated by the full Same of a 

Uunw-n's burner. The lamp was applied during the whole of 

thin experiment, and the size of the flame kept constant 

throughout. The mercuric chloride first liquefied and then 

boiled at 803* under ordinary pressure, and ivhil-t the salt was 

Dg the premure was gradually reduced to 420 millims., 

boiling point slowly fell lo 275 11 , ut which point the 

chloride suddenly began to solidify, and at 270" was 

■ . •olid, Iho pressure then being 376 millims. WoflD 

■ nmplcte tho pump was stopped working, but 

I'Mil iu the same extent us before. 

rapidlj to temperatorea above that at which a thenno- 

oould bo n ■' '1, but not the least sign of fusion waa 

From tiic completion of tho solidification to the 

mnt tho pressure remained at about 350 

■- i intent, which was repeated three 



EXISTENCE OF ICE AT HIGH TEMPERATURES. 133 

shows, therefore, that when the pressure is gradually reduced 
from the ordinary pressure of the atmosphere to 420 millhns., 
and the hoiling point simultaneously from 303° to 275°, the salt 
solidifies while it is still boiling and in contact with its own 
hot liquid, notwithstanding that it is being strongly heated at 
the same time ; and that, after solidification is complete at 270°, 
the temperature then rises far above the ordinary boiling point 
(303') of the substance without producing any signs of fusion. 




Vi 

m 

wi< 



I 



Under ordinary circumstances, mercuric chloride melts at 288° 
and re-solidifies at 270 — 275, i. c, at a temperature identical 
with that at which it solidifies under diminished pressure, as 
sborc described. 

The solid mercuric chloride obtained on solidification under 
the combined influence of diminished pressure, and the applies 
tion of a strong heat had a peculiar appearance, quite t 
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from that produced when the substance is allowed t 
the ordinary way. It appeared to consist of a mass of pearly 
leaflets closely packed together round tho bulb of the ther- 
mometer. 

Any final explanation of these phenomena is reserved u 
further experiments have been made. 

Since writing the foregoing, it has been said in explanat 
of the phenomena therein described, that the thermometer, 
though imbedded in the mass of the ice, did not really indicate 
the true temperature of the latter. With the object, therefore, of 
proving whether the ice is hot or not, I have, at the suggestion 
of Professor Roscoe, made the following culorimetrieal deter- 
mination :— 

The arrangement of the apparatus was so modified, that 
the ice, after being rtrongly heated, could be suddenly dropped 
into a calorimeter containing a known quantity of water of 
known temperature. The resulting temperature, after the ice 
had been dropped in, was read off by a thermometer graduated 
so as to indicate a difference of 0°'O5 C. The weight of the ice 
was found by re-weighing the calorimeter. 

So far, I have only had the opportunity of completing the 
two following determinations, and in the second of these the 
weight of the ice eould not be found, as a small quantity of 
water was lost out of the calorimeter, owing to a sudden jerk at 
the moment the ice entered it : — 

(1.) Weight of water in calorimeter, including the value of 
the latter — 18o grms. 

Weight of ice dropped in =: 1 "8 gnus. 

Twnpew tw 



M(9-0 + 80 W =\V(T- 6) 
(185 x 0-2) + (80 x 1-3) - I-S(I - ISfl) 

.-. T - 182* C. Where T =- temperature of ice. 
(2J Weight of water in calorimeter, &c. = 185 grms. 

Temper«lun> of e nl oriii let er before . . = lJ-7 

u » "tter . . - 13-8 

Hise in temper»ture = 0-1 



On weighing the 
weighl was 



calorimeter after the experiment, tho 
jnly 0"16 grms., but as a portion of " 
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water had been jerked out during the operation, the true weight 
of the ice, and therefore its temperature, could not be found. 
But since the calorimeter had slightly risen in temperature, the 
ice must have been above 80° C. 

From the nature of the experiment, as carried out on the 
present scale, the weight of the ice which can be dropped into 
the calorimeter is only small, and therefore the rise in tem- 
perature is but slight. But since a fall in temperature of a 
much larger amount ought to have been obtained had the ice 
been at , it is considered that the above experiments are con- 
clusive. Great care was taken, in order to obtain correct 
temperatures in the calorimeter. The latter was enclosed in 
several casings, and the water was allowed to stand in it for 
several hours before the experiment, so that it might first 
attain the temperature of the room, whilst the time which 
elapsed between the readings of the thermometer before and 
after the ice was dropped in would not be more than from 10 
to 15 seconds. 

In the course of the next few weeks I intend to make one or 
.two more determinations, and, if possible, on a larger scale. 






ON THE FORMER EXISTENCE OF THE 
ROE-DEER IN ENGLAND. 



J. E. HAJRTING, F.L.3., F.Z.S. 



IT i'b always a pleasing exercise of the understanding to 
investigate the causes which produce important changes 
in animated nature ; and this is especially the case when those 
changes have relation to our own country, and to animals which, 
once common here, have from one cause or another become 
extinct. 

Our old English foresters were wont to distinguish three 
classes of game, uainely, Beasts of Yenery (or of the forest), 
as the Hart and Hind, Boar and "Wolf ; Beasts of Chase, as 
the Buck and Doe, Fox, Marten, and Roe ; and Beasts and 
Fowls of Warren, namely, the Hare, Coney, Pheasant, and 
Partridge. 

When Turbervile, three centuries ago, wrote his Book of 
Bunting, and woodcraft in all its branches was accounted an 
essential part of a gentleman's education, tho Hoc-deer held an 
important place amongst tho ' beasts of chase.' During its 
first year it was termed a /'id, the second year a {Vjrk, the 
third year a hcmule, the fourth year a Morbuck of the firtt biy.uf, 
and the fifth year it fair Roebuck. When several were seen 
together they were spoken of as a bevy of Roes; and the season 
for bunting them was between Easter and Michaelmas for 
bucks, and between Michaelmas and Candlemas for does. 
While a hart was ' harboured ' and a buck ' lodged ' in the 
fern or underwood, a roe was said to be 'bedded.* The voices 
of all three were distinguished, and it was said the Red-deer 
' belleth,' the Fallow-buck ' groaneth,* and the Hoe-deer 
'belloweth.* The first named was tracked by his 'slot,' the 
second by his ' view,' the last by his ' foil ; ' and, in the ancient 
jargon of the chase, various were the terms applied to each 
when hunted. 

It is not a little curious that of the three species of deer 
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which were once plentiful in England, the smallest should be 
the first to become extinct. 

One would have supposed that its diminutive size, its timid 
disposition, and retiring habits, combined with fewer require- 
ments as regards food, woidd have enabled it to linger on and 
hold its own in the remnants of our ancient forests, and even in 
smaller coverts where its allies, the Red-deer and the Fallow- 
deer, from their conspicuously larger size could not hope to escape 
detection. This might have been bo had it not been for the 
important circumstance that both the Red-deer and Fallow- 
deer were at an early period taken directly under man's pro- 
tection by being enclosed in parks on the first distribution of 
forest lands. 

The Roe-deer not only disdained such protection, no ordinary 
park-paling being high enough to keep it within bounds, hut its 
wandering disposition necessitating a great tract of country to 
roam over, rendered it unable to brook the confinement to which 
the larger animals soon became accustomed, tinder these cir- 
cumstances other causes soon supervened to bring about its 
extinction. Deprived of the protection afforded to other deer, 
the destruction of its native woods and the gradual cultivation 
of moors and waste lands rdoccd it more than ever at the 
merer of its enemies. It woidd be easily approached and 
killed, its size rendering it a good mark; and on the other hand 
it* slow rate of increase (bringing forth but once a-year, and 
having usually but two fawns at a birth), woidd be insufficient 
to counteract the destruction to which it became continually 
exposed. 

That tho Roe-deer must at one time have been plentiful m 
England, and very generally dispersed throughout the country, 
is made apparent in a variety of ways. 

To turn, first, to the geological evidence. Its remains hare 
been discovered in such widely distant and dissimilar situations 
as in the barrows and bone-caves of Derbyshire,* in the peat of 
Berkshire and Hants, t in the deposits of the Thames Valley,+ 
in the lower marl of tho Vale of Kcnnct.S and in the caverns of 
Dcvonshire.il That it was at one time a native of the eastern 
("iiiiti- - of Fngland may be inferred from the discovery of its 
horns and bones mingled with those of the Red-deer and other 
animals, now extinct, in the soil of an ancient submerged forest 

* Pennington, JWrJ on (he Bttnws tniil B">i?~fnrx "f Derbt/thire, 1877. 
t OoBat, PW, Tron*. 17. r >7, p. 100; Pennant, Bi-it. &'*J. vol. i. p. CO. 
I B..V.I Hawkins. /'<■/). .SVi". Her. Jan. IWie*; Wuotiwurii, Geol. Mag. Sept. 
1800, and Walker, W Euex Nat. Field Club, p. 36. 
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which bus been found to extend for more than forty miles 
along the coasts of Norfolk, and which during the prevalent* 
of very low tides is traceable here and there by the numerous 
stumps of trees which may be seen still standing erect with 
their roots attached to them, and penetrating in all direction* 
into the loam or ancient vegetable soil on which they grew.* 

' Tho boms of the Roebuck,' says the Rev. Richard Lub- 
book.f ' are much less frequent in occurrence here than those of 
the Stag ; but a good pair, with part of the skull annexed, were 
dug up by the turf-cutters on Buckenham Fen, near Attleburgh, 
and they have occasionally occurred in other situations.' 

If we dip into the records of bygone days we shall find 
that the Roebuck is very anciently mentioned as a beast of 
ehasc. The liritisb name for it was lirrch. In the Colloquy 
of Alfrie it is included amongst the different kinds of game 
which tho Saxon hunter usually pursued. ' I take harts, boars, 
and deer,* ho says, ' and roes, and sometimes hares.' When 
asked how be practises bis craft ho replies, ' I braid nets and 
set them in a convenient place, and set on my hounds that they 
may pursue the boasts of chase, until tbey come unexpectedly 
to the nets, and so become entangled in them, and I slay them 
in the nets.' 

The practice of taking Roe-deer in nets is referred to in 
Domesday as being in vogue in Lancashire at the date of the 
Conquest. Thus, ' Rogeriiis tie Lnvi leS Cortum. Jl/i cat /mm 
cnpirolis capicrli!.' 

The haia, haye, or huie, as it is variously spelled, properly 
signified the hedge or fence enclosing a forest or park, but by 
an easy metonymy the word was transferred from the enclosing 
fence to the area enclosed by it.* In the case of the Roe-deer 
it doubtless implied an enclosed area into which the iinimals 
xvere driven, and having outlets here and there across which 
nets were bung for their entanglement and capture. The 
existence of such ' haies ' may bo found noticed in ancient 
grants of land during many subsequent centuries.ij 

Under the Welsh laws of Howel Dha, a.d. 940 (cap. xix.), 
the skin of a Roebuck was worth a penny, of a Hart eight- 



!venpence.|| The 



Wolsn'i 



pence, of a Kind - 
was li/rckoil. 

At the time of the Conquest, Roe-deer wei 



s for the Roe 
to be found 



* Lyell, Antiquity of Man. 

t Lubbock, Fauna of A'orfoli. 

t For a full and iateronitiuff explanation of this word see Wbitaker, Hit* 
tory of WhatUy, vol. i. p. 233. 

S See 7))ount's Ancient Tenuru. 

|| An Engnfta translation of these laws will be found appended to Th* 
M)ii-'irian Architolixjy tif ti'ulfi, collected out of Ancient 31nn 
" • fide p. 1060. 
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m the isle of Ely. From an account of the natural pro- 
ductions of this island, drawn up for the information of the 
Conqueror, and embodied in what is now known as the 'Liber 
Eiienrit,' it appears that Ely at that date was remarkably 
fertile in its resources, not only affording pasturage to number- 
less flocks and herds, but yielding plenty of fish and wild fowl, 
as well as harts and hinds, rocs and hares, which abounded 
in its woods* William the Conqueror punished with the loss 
of eyes any who were convicted of killing a wild boar, stag, 
or roebuck. 

In the year 1183, Bishop Podsey caused a survey to be 
made of the various estates of his sec in the county of Durham, 
with a specification of their respective tenures, rents, and 
services. This survey is generally called the ' Boldon Book,' 
Boldon being the first placo mentioned in it. From entries in 
(his book, it appears that the early Bishops of Durham were 
mighty hunters, and their tenants often held lands by the 
service of protecting the deer, and furnishing horses, grey- 
hounds, and other dogs for the chase. It appears, moreover, 
[hat the rithud and fanners were wont to assemble from time 
to time at the summons of the Bishop, for the purposo of 
constructing ' haiea,' and assisting at a roe-hunt: — 

' Oilmen villain dc Aul-elandachirc scilicet dc North Atikeland ct 
West Aukelaml ct Eseumba el Netciona . . . fnciunt partem maw 
It haia circa logias. . . . Praterm omnes tillani et firuiarit emit 
: n " raliiint" ad ' summoiiUionem Episcopi.' f 

In this same county is a place called Reshope, otherwi.se 
Reshoppe and Rosheppe,* '■ e., Roe's hop, or jump, in all 
probability indicating some famous ' deer-pass ' in the days when 
:hese animals were common in Durham. So also in Lancashire, 
ts former occurrence in Bowhrad, says Whi taker, is pretty 
plainly indicated in the perambulation by the word ' roe-cross.' 

In ancient charters conveying the royal license to enclose 
certain forest-lands, or to hunt in particular counties or dis- 
;ricts, the Roebuck is sometimes mentioned amongst other 
inimals which might be enclosed or hunted. Thus from a 
charter of liberties granted by King John, when Earl of Morton, 
:o the inhabitants of Devonshire, it appears that Roe-deer at 
hat date were included amongst the beasts of chase in that 
xiunty. This deed, the original of which is still preserved in 
:he custody of the Dean and Chapter of Exeter, is under seal, 
ind provides, inter alia, as follows : — 

' Quad habeanl canes sttos tt alias iibertafes, sictif Melius ct 

* See Finland Pan and Present, p. S56. 

t The Boldon Bool, -p. X (Surtees Society), and Raine, Hiit.Acct.o/tAe 
^jpiaeopal Palace of Auckland, p. 5. 
t The Bold-m Book, p. 0. 
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li/icrins iUa$ haberuni tempore quad. Senrid regis rl 
tuos, et quod capimit eqprtohtm, Butpem, hporem, etc., uUn 

i/f<i inn-iiirritf >.rtiYi reoardum foretta mete.* 

It will be observed that the word here employed i 

preobtt ; in many old grants, however, the terra used to 

■ nate the Roebuck is ctt/iira, which, from ita nmilarit 
has led some translators to suppose that tin 
But, in the first place, the context usually show* th.it rl 
animals included in a licence to hunt, or to enclose, a . 
the forest or of chase, while the goat does not fall within eilhi 
category, being rather an animal of the hillsides and nu 
and, in the nest place, contemporary translations of such DM 
agOB go to prove that, even in cases where the term ein 
ployed is capra, or taper (perhaps no written in error by 
transcriber}, the animal so designated is evidently the Roe 
buck.' 

In the time of Edward III., there were plenty of I 
in the ancient forest of Pickering, in the North Riding 
York : and in 1340 a prosecution by the Orown WW institute" 
against Henry de Percy, lord of the adjacent Manor of Semere 
for allowing his woodward to carry a bow and aXTOwa, a 
chase and take Roe-deer within the limits of this forest. 
appears, however, that the defendant established a right 
free-warren, and pleaded that the Roe 
and not of the forest. \ Perhaps it was on this ease Mint l.m 
Coke relied, in holding the Roe to be a beast, of warren, 
divii"]L opposed to the opinion of many old English write) 
on vencry, who included this animal am. ■ 
chase. 

We learn from Holinshed, that in Henry the Fifth's tin; 
(1413-22), deer were so numerous in England as to be verv 
destructive. ' Although,' he observe.-, 'of themeelvi 
not offensive at all, yet their groat numbers arc thought to 1 
very prcjudiciall, and therefore justly reproved of many, t 
these also the stag is accounted for the most noble same ; '1 
fallow decrc is the next, then the roe, of which we ha' 
indifferent store.' 

The author of the ballad of 'The Battle of Otterbourne 
was guilty of no anachronism, when in the following lines ' 
introduced the Roe as one of the characteristic B 
Northumberland in 1388. 

' A ease in point w furnished by John of Trerisa's tmulmtum of 1 
Putychrnnirim uf itiuiuljihns Hidden, to wliicli we shall presently Ii.ik- mi 
eioa to refer. 

t Racket coram Rtgt ajmd Wtttm. Term Hit. 1,1 Ed, III. Sot 1> 
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' The roo full rekeles ther sche dimes 
To make the paine and glee. 



Fur. :i hundred and fifty years later, Leland was able to testify 
that this animal was then still common in the north of Eng- 
land. He remarks in his Itinerary, ' In Northumberland, 
as I heare say, be no forests except Chivet Hills," and there 
!b great plenty of reddc dcare and row-bukkes.' According to 
a Report of Royal Commissioners furnished to Henry VIII. 
in 1512, there were nearly 6000 head of deer, Red, Roe, and 
Fallow, in the forests and parks of the Earl of Northumberland 
in the northern counties, at which date there were Red-deer 
in the forest of Rothbury.t 

About 1530-34, as we learn from the Durham Household 
Bool-, Roe-deer were to be found in the adjoining county. 
Thus at p. 142 we find the entry: — 

' Et Edttarito Denymje et Johatuii Greynsiceyrde, per 4 dies 
c/ii"/ Muijh'Sicyk [Muggleawiok] de/ercntibiis 4 roys in 

regard* 12tf.' 

Hero it is evident from the context that Roe-deer are in- 
tended, for the entries which precede and follow this all relato 
to venison brought in. At times the Latin name is bestowed, 
i:iUv the English ; thus we find : — 
' lit fimHiO Abbatis de Fountanc' de/erenti 1 bilk hursano. 3*. 4rf." 
' /;'/ Tlmntir Harper dr/'i-reidi ditinam domino Priori, Dominica 
prima Adtentu.? A Roberto Crosby . . . 20rf.' 

' Et Lionelio Smyth ct Edaardo Denymje d'/ereitfibtia 1 stage d 

Mughmyk 20*.' 

The existence of Roc-deer in Wales was noted by Leland in 
Henry VIII.'s time; and Camden has noticed several Welsh 
localities which from their name seem to indicate former 
haunt- of this animal, as ]Jryn-yr-Iwrch, Phynon-yr-Iwrch, 
Lhu-yn-Iwrch, &c. Pennant informs us that, according to 
Dr. Muffett, they were still to be found there in the reign of 
Elizabeth.! On turning to Dr. Muffett'.s wnrk.tj we find the 
bare statement (p. 75) that ' the Alps are full of them in high 

* It is curious that Inland should have nirulc this statement, for beside 
Clieii'-it. theru were in Northumberland tins forests of ltotlilmrv, lirdesdiiK 
Krrsdoti, Lowes (anciently Loughs, from the number ut lakes in it), Allan- 
dale, ami Knaresdale. 

I Wnllis, .Vat. Ifol. and Anii,,. .,/ Xorthumborlaad 1,1"®), vol. i. p. 410. 

J Briiith Zoology, vol. i. p. 50. 

5 Heulth'i Imprtmment, by 1 <r. Thomas Muffett, corrected and enlarged 
by Christopher Dennett, 1056. The author died in 1600, but it does not 
appear that there was any enrlier edition of his work than that of Bennett, 
who probably revised the original MS. Seo Wood's Athena ted. Bliss), 
vol. i, p. '-To. 
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Germany, and tome of ottr mountain! o/Wab 

them.' tt is to be regretted that Dr. Muffctt did not particular!*.: 

the localities in Wales where he supposed the Roe-dee: 

for a contemporary of his expresses a very different 

George Owen, of Henll\^ writing of the wild animals of 

Pembrokeshire in his time (1595), informs us that 'for Roe*, 

the countrcy yeeldeth not any, neither did I ever beai 

by reporte of the uuncient men, to have been usual in tbi> 

countrey.* * 

One of the most interesting records which we have me: 
with in the course of our researches on this subject, is that 
which relates to the transport of some Roe-deer from Cumber- 
land to Surrey in the reign of Charles I. The king had ex- 
pressed a wish to have some turned out at "Wimbledon in one o( 
tlii' royal parks, and application was made to Lord William 
Howard of Naworth Castle, Cumberland (where we may pre- 
sume Roe-deer were then common), to have some caught and 
sent up. Directions for this purpose were accordingly given, 
and what followed may be gathered from the following entries 
in the Household Book of the owner of Naworth : — 

1 1633, Juno 29. — To severall persons for takeingc 81 Boe- 
kidds, as appeareth by bill . . vijli xija vjd. 

They were, no doubt, taken in a ' haie ' with nets, according 
to the ancient practice ; and after being kept in an enclosurt 
for a fortnight until they had got more tamo and ace 
to confinement, they were ready to be moved to London. Thii 
was accomplished by means of three carts, as we learn from tin 
next entry : — 

'1633, July 10.— To Wm, Lancaster the Smith, for bind- 
ing 3 payre of-wheele* with iron which carried Roes to 
London Tli xvjd. 

And subsequently on the return of these carts : — 
'For repairinge 3 cartes sent with Rocs to London to Kingc 
Charles thetber and home again . . tx\ 

How these animals fared in their new home in Surrey w 
are not accurately informed ; but it may be surmised i 
throve and did well, for a few years later, viz., on January 17 
1C39, a warrant was issued to Sir Henry Hungate for ' tin 
preservation of His Majesty's game of Roe-deer broken out & 
Half-Moon Park, Wimbledon, and now lying in the wood* 
adjoining thereto, and to take care that no person lain- 
or use any net or gun, within four miles of the said jrark.'f 

When the Roe-deer became extinct in England is not qui' 



■ For some notice of this writer and ; 

Tour thrauqh I'mibroktskire, 4to, IS] l,pp, .VM ,■'><!-', 603 note, and Appendix 
).. 54. 

t S. I'. Lluiii, Charles I. ccccii. 106, Doajntt. 
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In Percy's Reliquea of Ancient English Poetry, in a 
footnote to the passage in the ' Battle of Otterbourne ' above 
quoted, it is stated that Roebucks were to be found upon the 
wastes not far from Hexham in the reign of George I., and 
that Mr. Whitfield of Whitfield is said to have destroyed the 
last of them. This is probably the instance referred to by 
Scott in his British Field Sports, who states fp. 381) 'that the 
last of its race in England was, it seems, killed in Northum- 
berland about seventy years ago ; ' but, if so, bis book having 
been published in 1818, he would Lave been nearer the mark 
had he said ' ninety ' or even ' a hundred years ago.' 

An exceptional instance, however, of the capture of a wild 
Roc in Northumberland, occurred early in the present century, 
and is thus recorded by Bewick in his History of Quadr uj ptds 
(ed. 1807, p. 148) : — 'Some years ago one of these animals, 
after being hunted out of Scotland, through Cumberland, and 
various parts of the North of England, took refuge in the 
woody reeesses bordering upon the banks of the Tyne between 
Prudhoe Castle and Wylam. It was repeatedly seen and 
hunted, but no dogs were equal to its speed ; it frequently 
crossed the river, and either by swiftness or artifice eluded all 
its pursuers. It happened during the rigour of a severe 
winter, that being pursiitd, it crossed the river upon the ice 
with some difficulty, and being much strained was taken alive. 
It was kept for some weeks in the house, and was then again 
turned out, but all its cunning and activity were gone ; it 
seemed to have forgotten the places of its former retreat, and 
after running some time, it laid down in the midst of a brook, 
where it was killed by the dogs.' 

The late Prof. Garrod, in his recently published account of 
the Jtuminantia in Cassell's Natural History, vol. iii. p. 63, 
states that the Roebuck ' still survives in the woods of West- 
moreland and Cumberland,' hut gives no authority for this 
statement, nor any further particulars. 

The species had probably been extinct in England for some 
years, when Lord Dorchester, in 1800, turned some out in the 
woods at Milton Abbey, Dorsetshire, from whence their de- 
scendants dispersed in a very short space of time, especially 
in a south-westerly direction. They were frequently hunted, 
and afforded excellent sport. About 1829, when the Master 
of the Hounds, Mr. Plcydilt, gave up his pack, after hunting 
Roc-deer exclusively for sixteen years, he permitted Mr. Drax, 
of Chorboro Park, to capture several of these deer and turn 
them out in the Charboro Woods. From this second centre 
th<y increased in numbers, and wandered far and wide, — from 
Moreton to Warmwell in the valley of the Frorae, and from 
Hyde to Houghton in that of the Puddle. Their extreme 
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eastern extension ;it present i- Lyeheft, end they b 
met with as far west. a> Hook Park. Mr. J. C. 
Pleydell informed the writer, that in 187!) he estimated there 
were no less than 120 head in the Milton. Whateo 
Houghton Woods, which fringe the southern ride OJ 
of Blackmore, from Stoke Wake to Mek-ombo Park mid tht 
Graugo Wood westward, the number being merely a -piestioi 
of preservation or non -preservation.* 

Chafin, in his Attet4ote» of Cranbwrn Chaw, mentions tht 
Roe-deer as an animal indigenous to that part, of the country ; 
but as his book was not published until L816, it .seems possible 
that the presence of the Roes in Cranbourn Chaae 
few arc still to be found) may have been due to Lord Dor- 
chester's experiment commenced sis years previously 
events, Chaiin says nothing of the existence of the Roe-deer in 
the Chase prior to 1800. 

Dorsetshire is now the only county in England. 
believed, where Roe-deer still exist in a wild state ; not because 
the ancient race have survived there till now, but because, 
we have seen, it was reintroduced at the commencement of 
the present century, by turning out a few brace procured from 
Scot laud. "J - 

In 1810 there were a good many Roe-deer in the woods 
belonging to the Earl of Lgreinont at Petworth, Sussex. 
skull of one of them (a female, with rudimentary horns) 
presented in that year by Lord Egremont to the Museum of 
the Royal College of Surgeons, where it is still preserved (No. 
3598 d),J and the abundance of Roes in the Petworth woods at 
that date, is proved by his lordship's letter which act 
the specimen referred to, and which is printed in the Museum 
Catalogue of Monstrosities, part v. p, 17. 

The writer has been recently informed by Lord Leeouficld, 
the present owner of Petworth House, that there is a tradition 
to the effect that the Roe-deer were introduced there, and were 
not the descendants of an ancient stock. About thirty years 
ago, some were sent as a present to Prince Albert, and were 
turned out at Windsor, where a few arc still preserved in the 
neighbourhood of Virginia Water. Those which still survive 
at Petworth are kept in the park, which being surrounded by a 

* Soe Tht Zoologitt, 1870, pp. 130, 170, 300, 20°, 301. 

: liinjii to llie information fiver on this point in Tht Zoofagiit for 

'I ■■■ I ,■:.,■:',. :■' ,[. !-„l. ill 

i ■]■ l-ir. in Sc.irt'3 British Field Sjm-tt, i. 381, and In UilpinS 
.!.]-., vol. ii. p. .".01. 

Vrocetdingl of <hr Z 

£■■< at some remarks on fooiale deer with o 
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.usual security and 
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all fourteen miles in length, affords them i 
yet abundant liberty. 

In Scotland, the Roc-dccr was once much more common 
than it is at present, although it is still plentiful in some parts 
of the country, and has even increased of lata years. 

It is believed that the increase of plantations in the south 
of Scotland has been the means of spreading it much further in 
that direction than it used formerly to be found. 

In Ireland the Hoe-deer is unknown, and since no remains 
it have bean discovered, it seems probable that it was never 
indigenous to that country, although some have asserted other- 
wise, on the authority of Rede. John of Trevisa, however, in 
his translation of Higdeu's Pvh/t/inniicou, observes: 'Beda seith 
that there is grete huntynge of Roohukkes (cajiroriim is the 
word used by Higden), and it is i-knowe that Roobukkes hoeili 
noon there. It is no wonder of Beda, for Beda knew uevcrc 
that ilond with his eyes; hot som talc tellers told hym suohfl 
tales.'* On the other hand, if the testimony of Odsun 1h? 
admitted, it would seem that the Roe was not uncommon 
formerly in Ireland. There are many very striking passages 
in which that poet adverts to the hunting the Roe-deer there. 
He thus pictures the animal's haunts:—' Lumon of foaming 
streams .... the dun Roe is seen from thy furze; the deer 
lifts his branchy head, for he sees at times the hound on the 
half-covered heath.' Tetnora, book vii. Again : — ' The king 
rejoiced as a hunter in his own green vale, when after the 
Morni is rolled away, he sees the gleaming sides of the rocks. 
The green thorn shakes its head in their face; from their top 
vard the Roes.' Temora, book viii. 

Strange to say, also, the Roebuck is mentioned as a 
native of Kerry in au Irish MS. poem of the ninth century, 
which is thus referred to by the late Sir W. Wilde : t 

' In the collection of Irish MSS. preserved in the Library of 
the University of Dublin, is a very curious zoological and 
topographical poem, the original of which is believed to be as 
i>l<] ;t- i lie ninth century; it is eertuinly one of the most re- 
markable productions of its kind known in any language in 
Europe of the same date. The history of this poem is as 
follows : — Finn Mac Cumhaill was made prisoner by Cormac 
.M:i< Art, monarch of Erin, who, however, consented to liberate 
him when a ransom of two of every wild animal in Ireland — a 
male and female — were brought before him on the green of 
Tara, Gail tc Mac Rouaiu, the foster-brother and favouriteofthe 



■ See also The Bonk of Iloiclh, Brewer mm I Bullen, Calendar Carew Ml 
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celebrated Irish general," having tirst performed many remark 
alilo feats at Tun in the king's palace, undertook and succeeded 
in acinuipli-liing this apparently hopeless task within a twelve- 
month ; and in this poem is said to have related to St. Patrick 
the result of his mission. There is, perhaps, no other example hi 
the Irish language of the same extent containing bo many 
words— names of animals — of which the meaning is not known ; 
and there are but few poems of so many lines requiring the 
Mime amount of topographical nunotutinii. The i 
several animals are, as stated, untranslatable ; . 
animals themselves have become extinct in [relnnd, ur tin 
now known by other names than those preserved in 
As a specimen we quote the following lines :- — f 



' I then went forth to search the Iimils, 
To see if I ceuld redeem my chief, 
j\o't soon returned to noble Tara 

Willi ili* minora tlmt Cormac required. 

'T'.\ ■ !"■■'■ • 

Two wild oxen from Rurreo [eo. ■ 
Two swims from the dark wood of tinbhran,t 

Ami iivn ciii-lii«M fi-riiii iliv wijud of Fordrum, 






The most remarkable line, however, so far us ooni 

Cent inquiry, is that which relates to the bringing 
bucks (Earbdtf) from Luachair Deaghaidb, U 
Lougfaer, Co. Kerry. 

We are not informed upon what authority the word Ebr&rfj 
is rendered ' Roebuck.' It seems not a little curious that the 
Irish in the ninth century should have hud a Euane for ni 
animal which, it is supposed, was never indigenous to Ireland ; 
ut the same time, it should be observed that the Irish name, 
Earhog, closely resembles the Gaelic names for (his animal 
(Earb, Earba, Earb-boc) in use at the present day. 

It is worthy of remark, too, that in the Museum of the Rojl 
Ivi.-h Academy, amongst the collection of Irish Red-deer horns 
is a sruall specimen catalogued as ' No. -I-"', a small si 
apparently of the Roebuck, presented by Joshua Fergu 
.\i>[ Living seen this ■speeiiin'ii, we im 
it; but if it be really the born of a Roebuck found in Ireland 
its history would be worth tracing, 

' See AtmaU of the FW Matt n, under a,h. 880, 

t A n i ■ ■■! "!' 'I.i ■ i 111 nfi|M-»ri-il in llii' Ih,h 

I iind the Irish Tersinn, o itl 

the leventh volume at tin-, iW'Woi./.i ■•!' i-i, Ii.»i'.d Irith AvnHemy, ltti* 

1 NOW Oowttn, CO. Kilkenny. 



CONTRIBUTIONS TO THE KNOWLEDGE OF TILE 
HOTTENTOT RACE. 

By M. J. A, RUORDA SMIT* 



DIFFERENT travellers who have had the opportunity of 
comparing the Hottentots and the Chinese, have found a 
preat analogy between the two races. The first who remarked it 
were the old colonists of the Cape, who even gave to some tribes 
the name of ' Chinese Hottentots.' In England, also, John 
Barrow drew attention to this singular fact.f 

When, at a later period, Chinese coolies arrived at the Cape, 
their resemblance to the Hottentots was found to be striking, 
and led to frequent errors. Wood speaks of a traveller who 
believed that he had a Hottentot servant, and who discovered, 
only after some time, that the man was a Chinese.^ 

During my stay in South Africa, I have been more than 
ipiice witness of similar t'ants. At the Cape, for instance, I have 
Been a Chinese and a Hottentot both serving in the same hotel ; 
;is tiny were dressed almost in the same style, we were con- 
stantly confounding them, taking the Asiatic for the African, 
versa. At the Diamond fields I met with a case of the 
same kind. 

In order to give a general character of the Hottentots, I 
cannot do better than quote the following passage from Von 
Siebold : ' The breadth and coarseness of the face, the promi- 
nence of the cheekbones, the development of the jaws, the Hat- 
teoad form of the bridge of the nose, and the enlarged nostrils, 
the size of the mouth, the thickness of the lips, the apparent 
!>f the eyes, the stiff, abundant hair of a brownish- 
black colour, or inclining toward* red, the heaviness of the eye- 
brows, the scarcity of tho beard; and lastly, a wheat- coloured, 
veilowish-red complexion distinguish them, &c.§ 



3 



j Priehnrrf, Sat. Hut.Qf Man, toll?. 233 ; Cotalopttdu Murfe Vr-Jik, 
Duseunu, p. &?. 
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I need only remark, concerning the hair, 
Hottentflts it is curly and does not cover the heud uniformly 
it forms patches separated by bare spaces. Moreover, as re- 
gards the complexion, the expression, ' yellowish-brow 
1m? more suitable, at least in certain cases, than ' j 
red.' 

Now, in giving this description, Von Siebolil did not refer 
tn the Hottentots, but to the Mongols who inhabit the Cora, a 
country tributary to China. 

Dr. Carpenter describes the Hottentots in the following 
terms : ' Thus the face presents (he very wide and L:.. 
bones, with the oblique eyes and flat nose of die northern 
at the same time that, in the somewhat prominent 
muzzle and thick lips, it resembles the countenance of the 
Negro. The hair is woolly, like that at the Negroes, hat it 
grows in small tufts scattered oyer the surface of the scalp ilik-' 
a scrubbing-brush) instead of corering it uniformly ; thus re- 
sembling in its comparative scantiness that of toe northern 
Asiatics, ' 

A long time before the Dutch East India Company had 
taken possession of the Cape, vessels of other nation- bad 
already dropped anchor in Table Buy and made the acquaintance 
of the inhabitants of the country (1497—1852). But, the ac- 
counts of these voyages, of which (he sole aim was commerce, 
give us little information about the inhabitant* 

The Portuguese, who changed the original name ' Quai-qua, 
Ehoi-khoiu, Kanimou-qun?' into that or 'Saldanhas, 1 [earned 
more thun once, to their cost, that the population, though 
in ak nnd not. numerous, could defend itself and was vindictive. 
(1497, Vascode Gama; 1610, Francisco d'Almcida ; 1616(F), 
Emmanuel de Souaa.) 

The Dutch and English had rather less to complain oft 
(1598, John Davis; 1601, English Bast India Company and 
Paul de < orniden ; L608, Maaklol ; 1648, Leendert, Jonas, and 
Nic. i'roof , Van Rtebeek.) 

Tlir natives of the Cape received from the Dutch the nuns 
of ' Dttentos,' which has since become ' Hottentota' At the 
I in ii' when tin- I*"iii-hijh -;in^ In .-;;i M-- acquainted with (hem, they 
were nomads, who changed their abode continually and lived in 
• kraals,' the huts of which were easy to take down and pat op 
elsewhere. They were acquainted with metals — al all events 
with iron— which they knew how to work. Their acquaintance 
with this metal, however, does not seem to have been wry 
a- it was considered a precious article, although iri.n 
ore arc not rare at the Cape, particularly in Namaqua-lant!. 

* Carpenter, Pfy#ivt>w. "ftli ' ■ -' 
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In 1001, the ships of the English East India Company obtained 
-lui'ji ami tut tli- in exchange for pieces of old iron. 

Their weapons were the how and arrow. When, later on, 
itiry oune in contact with the Caffrcs, they adopted Cram (linn 
1 !u ' mgfde.' At the time of the voyage of Le Vaillant (1781), 
iliv DM nl' this weapon hail spread very litlle among them, and 
the Hottentots, who already possessed ' zagaies * had not yet 
learned to make use of them very cleverly. Their clothing 
consisted of dressed skins, more or less ornamented. Thev 
knew very well how to remove the hair from skins. 

A peculiarity which is also found among the Cuft'ros, N the 
circular form of their huts and of their camps. It seems that 
no South- African race can easily draw a straight line. 

The geographical distribution of the Hottentots is often 
ii. hb [bed incorrectly. To judge of it from my own re- 
narabefl, they must have originally inhabited the south-wttt 
side of the Cape, that in to amy, only the coast region .' 

"Whilethe Hottentots were in |>o--i --i I" (lie we-lern part 

of the Tape, the Caffres occupied the eastern part (10(10, Cabral,. 
The shipwrecked sailors of Souza's ship reached on the east 
eastern coast) an Ethiopian village where they embarked. 
We cannot here imagine any confusion with the Hottentots, 
seeing that the sailors in Question knew the latter perfectly, 
having seen them before. In 1684 an expedition of thirty-nine 
Boers found, in the eastern part of the Cape, sonic Caffres who 
bad never vet seen a white man. It seems that the Hottentots 
at that time hod no knowledge of the neigh hourhood of the 
< 'affres. It was probably about 17(10 that they came in contact 
with them. From those connexions have resulted the mixed 
races of the ' Gonaqua ' and the "Gonaquebi.' When Le 
Vaillant travelled amongst the Gonaqua (1781), they did not 
seem to remember their true origin. 

The nature of the soil obliged the Hottentots to keep near 
the southern coast. Further north they would have come upon 
the great plain of the Karroii, which, from the want of wider 
and good pasturage, would not have suited their cuttle at all. 
So when Le Vaillant visited the Rarrou, he found there no 
other population besides Bosjesmaus and Souzouana. By this 
last name he designates also Bosjesmaus, not Beehuanas. 

While the Quaiquas occupied the most southern part of the 
country, they were in contact in the north with the Koraniins. 
Le- Vailliuit met with the latter in their original station. But 
towards 1790 they emigrated towaids the interior, and estab- 
lished themselves on the territory of the Transvaal, at, the part 
where the Hart's River falls into the Vital. The old chief, 
Mossou Rvt Taaibosh, stated, in 1872, to M. Burgers, who was 

l President of the Transvaal, that when he was about four- 
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e lime c.f the declaration he was over a hui 
bad set oat with his tribe, which hud previously inhabited 
coast. ' 

To the north of the Konuinas, and to the north and south 
of the Orange river, dwelt the Nam aquas. These pe-.; 
for the first time by Van der St ell (1686), appear lo have 
mixed with more northern tribes (not Hottentote), especially 
with the Damnras; bo that the actual representatives of these 
latter would be partly their descendants. Then' 1 
oong the Damaras, a legend, according to vn 
had, as first ancestors, a Namaquan Father and horriin 
an ape mother. This legend, which has been told me by 
hunter-, is also spoken of by WoocLf 

The Bosjosmans are at present sufficiently recognized a* 
Hottentots. All the Hottentot tribes seem to have furnished 
their contingent to these pioneers. Nevertheless, there is room 
for thinking that, besides these deserters, thev also lEH^yta 
original tribes ; and Le Vaillant even regards these as true and 
pure Hottentots, They penetrated further than all the others 
into the Karrou. They were not nomads, but they lived ex- 
clusively by hunting. 

It was probably at a more distant period that the Bosjesmaiis 
Sa-an or Sa-qua) separated from the other Hottentots. They 
feared the more northern tribes ; as for those who lived more to 
the south, they seem to have known them but slightly or not nt 
11IL 

We find on this subject the following curious passage, 
dated the 24th April, 1654, in the journal of Van Ttiebeek, the 
first governor of Cape Colony: ' To-day a dead SotmittUUka 
was found in the mountain, such as is called in Batavia an 
Ourang-outang. He was about the size of a small calf, with 
long and hairy arms and legs, and of a dark-grey colour Fofttd 
by Bunger, our people ate him.'} I must add, in defence d 
Van Hiebeek, that at this time his relatione with the neighbour- 
ing Hottentots were not at all friendly, so that ho could not 
gain from them any enlightenment. 

The Bosjesmans have always been driven back towards the 
interior of the country. Nowadays we meet with then nnuli.r, 
lint in the mountains of Basutohmd, and in the plain 
Kaliliari. 

The Hottentots have never been a powerful people. Ac- 
cording to the census of 1866 they numbered 81,600 m Cape 
Colony. Taking all the tribes together, I think 
estimate their total actual numbers at 270,000, perhaps 0.1 

* CtarwfKmdMH bttwttn Thorn, l'r. Burgtrt and Sir lltnru [iarkSy. 
t Wood, Vat. Hiit. of Man. 

1 Hill, Million! „i South African litoi/TafAy, t'hroil. Tables. 
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300,000. Il is possible that formerly they may have been more 
numerous, but the difference cannot, have been great They 
have never suffered very greatly from either war or epidemics. 
M oreover, considering the climate, the polygamy that was 
customary amongst them, etc., circumstances were favourable to 
their multiplication. 

I think there is good reason for supposing that in 1500 their 
number was much smaller than at the present day. They had 
been unable, before the establishment of the Dutch Colony, to 
drive back the wild beasts, so dangerous to them and to their 
flocks. I. ions, for instance, were still, in 1563, so numerous on 
i of Table Bay that Van Riebeek wrote in his journal, 
' This night one would have said that the lions were inclined to 
take the fort by storm.'* 

Though inhabiting the coast in 1500, and even later, they 
possessed no knowledge of navigation ; so that they hud no 
communication with Ilobben Island, which was situated' opposite 
Table flay. 

The different tribes of Hottentots may be divided into, 
1st, Quai-qua, or true Hottentots; 2nd, the Nama-qua ; 3rd, 
the Koranna, Kora, or Kora-qua ; 4th, Sa-an, Sa-qua, or Bosjes- 
mans ; alh, Gonaqua and Goiiaquebi — mixed races produced by 
a mixture of Caft'res and Hottentots ; 6th, Griqua, a mixed race, 
one issue of white fathers and Hottentot mothers, Hybrids of 
Hottentots and white women have never been noticed, as far m 
I know, and probably they do not exist. 

The Griquas united about 1780-1790 into tribes, which 
abandoned the Cape Colony, and established themselves in the 
territory now forming the Yrvstaat (Free State) and in Griqua- 
land West. More recently, somewhere about 1800, many of the 
Griquas returned towards the coast in the district called Griqua- 
land East, and formerly known by the name of Niemandslaud 
(No-mans-land). 

All the tribes, including the Gonaquas and the Griquas, 
belong bv their physical characteristics and by their language 
to the same natural group. On the similarity of the language 
I must remark that the dialect of the Gonaquas is a mixture of 
ihe < laflre and Hottentot dialects, and that most of the Griquas 
speak Dutch. 

The language of the Hosjesmans is the poorest of all ; one 
might call it degenerated Hottentot. This fact is easily ex- 

E kincd by the very primitive way of life of these pioneer 
unters. An analogous example of degeneracy in language 
and physical characters may be observed now on the north-east 
banian of the Transvaal, among the Vaaipon Caffrcs, remnants of 
the great tribes of the Bochuanas, which have been exterminated 
• Hall, Manual of South African Geography, Chron. Tablel. 
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by more powerful neighbours. To these Vaalpens, Ibe name of 

Beehiiana-Bosjesnians might very well In; givi n. \ i 
i-rii' feature of Hie Hottentot (iialcc-t is the use of 
which the Korannas particularly make very frequent use. 

These dialects differ essentially from i! ■■ 
< then, indeed, it has been believed ( particularly in Capo Ookmj i 
that there existed a relationship between Ihe two uu 
and come even considered the Hottentot as a modin' 

dialect. But this opinion is altogether errw 

1300 the Hottentots had seldom, if ever, come in Oanl 
Qua Caffree. 

The origin of the error in question is easy to duWOVer. 
When the Hottentots entered into relatione with I ■ 
there resulted the mixed races of the Gonaquas ami of On 
Gonoquebui, which both of them, and particularly the latter, 
spread among the Oaleka Caffres. Thus the "dies' and sum.' 
Hottentot words were introduced into the language of the 
Galekas. But these 'dies' are only met among thow 
who Under mi simie Ciipi' ('ninny, and aiming the Itnsutos (in 
part Beehuiinas), who about 1830 constituted a distinct 
people and admitted among them sonic fugitive Hottentot*. 

Among the other Caffres, for example among those of 
Natal and Zululand, no truce either of the 'clics,' or of the 
other peculiarities of the Hottentot languages, are found. They 
are equally strangers to the language of the Bechuana, es- 
tablished to the north of the Transvaal. 

For some time, however, the 'clics ' appear to have a ten- 
dency to spread particularly in the south of Natal. As. the 
(iiuiaquas also moved amongst the Hottentots several Calf re 
winds have obtained a footing in the Hottentot language. The 
Korannas, after their immigration into the Transvaal frequently 
mingled with Bechuana tribes (black), and this has also dimi- 
nished the purity of their language. 

In Cape Colony many, if not most of the Hottentol 
nothing but Dutch, and no longer know their original language 
This language is still spoken only and exclusively by the IS<»- 
jesmans and the Namaquas. But these have likewise ln-< D 
in more and more frequent contact with the whites i 
races. In tifty years their language will perhaps ha 1 1 
disappeared. 

I have made some researches on the question of the distri- 
bution of the races at the Cape, a question which infc n 
especially. Its study is rendered very difficult by tin 
quent change of abode of the different tribes, and (is besides I 
hare only incomplete materials at my disposal, the results 
obtained must be looked upon as merely tentative. 

These results may be summed up as follows: — 1. Tin 
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part of the Cape countries, now known by the name of Kurrou, 
as far as the Orange River, of Vrystaat, of Griqimluud West, 
and of Ealihari, was formerly uninhabited and visited only 
by the Bosiesmans. Fram about 1790 the Vrystaat and 
Griqualand-West were colonized by Korannas and Griquas, 
.iiid ;i liftlu Inter Ly Beehuanas (Baroluiigs, Bawanketsis, Ac). 
The Korannas and the Griqnas came from the Cap.' Colony, 
taking a direction from south to the north ; the Beehuanas 
■rared from the north — probably from the northern part of tho 

'1 I..(li.-v;i;il- 

2. The eastern part of the Cape, to the south of the Storm- 
Iwrgen, along the coast, and to the east of the JJrukonbergon 
:which are a continuation of the Stnrmbergen), was already 
inhabited in 1500 by Caffres (British Caffraria, Natal, &c). 

3. The Transvaal was also early inhabited, particularly the 
irthcrn part, by Becbiuma tribes, who were always moving 
mrdH tin- south (1600 P). 

4. The country to the west of the Transvaal, which Living- 
stone and others have mentioned by the name of ' Seehele's 
Country.' was only colonized towards the year 1824 by 
Bcchuana tribes (among which were the Makololos, who have 
since been moving again towards (he north), which had been 
driven away from the Transvaal by the Matabeles of Mnsdekatse. 

The Beehuanas and the Caffres seem to have come from 
DUN northern parts of Africa. They show a certain analogy 
of characters. Their movements were effected parallel to 
one another from the north to the south ; the Caffres pro- 
ceeding along the coasts, the Beehuanas across tho central 
region. To the south of the Limpopo they were separated by 
the Drakenbergen, so that the Caffres remained to the east of 
ibis mountain range, and the Beehuanas to the west. Both 
these races are black, and we often find among them, especially 
among the Beehuanas, Arabian and Jewish types. 

5. Baeutoland, which was formerly entirely uninhabited, 
was colonized only in 1830 by Bechuana tribes coming from 
the Transvaal, and by a small number of Fetcanneta (the area tit 
Pvnfrofm nf the Cape Colony, who before 1820 were Caffres of 
Natal , of Korannas, of Bosjesmans, itc., whom the chief Mushosh 
united into one people, under the name of Basutos (1830). 

6. The country situated between the two rivers — the Lim- 
popo and tho Zambesi, to the north of the Transvaal — was 
originally occupied by Beehuanas, but later on, after 1 HiHi. it 
was invaded by Caffres — the Matabeles of Moselekatso, who 
|. tl the Transvaal, and took a direction across Sochele's 
country, at first towards the west, afterwards towards the 
north, and still later towards the north-east. In tho country 
of Moselekatso (or rather of his successor, Lo-bengula) some 
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tries (Merensky, &c.) have sought the Old 
Babs of the < Md ']'■ lament. Maude has there diaooi ■ 
grand ruins of Znnbaye. 

The truces of human industry winch I have found myself 
in the Transvaal belong to a rather reoenl date. Such an: 
several old copper-mines (with inuirtzose gangues) in the 

Makhali i iiiiiins, :i range nt' quart* porphyry, which, at 

about six English miles to the north oj Pretoria, rims from (he 

east to the west. Such are further did lead-mines, which 1 

have found in the "Watcrberg district, about eighteen English 

miles to the north-eael of the Nylstrcom. Galena, rich m 

silver, is there disseminated in a vciti of quartrite, 

been worked very methodically by open workings. Neither 

the Beohuanas nor tlic white popula 

by whom, or at what period, these works had been executed. I 

presume thai tiny are to In- ;i .-. ■ < ll i. -. 1 In i : i 

had very early taken footing in South Africa, and who followed 

trade. 

The general conclusion from these researches is, 
Hottentots did not occupy the central part of the Cape. .\* 
the fertile plains of the Transvaal and oi the Vr;, -. 
formerly uninhabited, they would have been able to live 
there quietly, just as well as elsewhere, if they had arrived in 
the south by this way. 

I have reason to suppose that the south and the east of the 
Cape countries ought to he considered as their original abode. 
Thus we find, in the fifteenth century, in the southern part of 
the Cape, a r/ellate race, amounting to from 200.HIM.I to :ji>u,uuii 
souls, bounded on the north by black tribes .Itntntira and 
Ovampo), and by desert places (Karroo, Ao.), and in the 
east also by black tribes (Caffres). 

[The author then makes a detailed comparison of the 
characters and measurements of Chinese and Hottentot skull*, 
the general results of which ho sums up as follows ; — ] 

ll' it is allowable to draw general conclusions from (lie 
measurement n\' so small a number of crania, we find : — 

1. That the crania of the Hottentots are not only doHoho- 
Cephalic, but in nearly half the cases (seven out of fifteen) 
orthooephalic. In general they are more dolichocephalic than 
the Chinese crania, the length being in them relatively greater, 
and the width less. 

2. That the absolute height of the Hottentot crania is less 
than that of the Chinese crania. As the length of the first is 
relatively greater than thut. of the second, the index II. L. i* 
smaller ID the Hottentots. 

3. That the Hottentots are in general less prognathous 
than the Chinese. 
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4. That Ihe height of the face in the Hottentots is less than 
among the Chinese, the absolute height, as well as the relative 
(the index H. L.) 

The points of resemblance between the Hottentots and the 
Chinese consist in — 

1. The width of the bridge of the nose (space between the 
orbits). 

2. The shape and inclination of the orbits. 

3. The prominence of the zygomatic bones and arches. 

4. The width of the faee (taken at different heights). 

5. The development of the parietal bosses. 

6. The relation between the arcs and their chords. 

This last character applies above all to the arcs and chords 
situated in the sagittal plane ; in a less degree to the transverse 
arcs and chords. 

If we consult the works of Blunienbiich,' of Von dcr 
,t "f Lucae,* of Von Eaer,§ of ItetziusJ of Dusseau, 
of de Koniug.li and others, we find indicated as fairly constant 
characters of the Chinese crania, — 

1. A wide bridge to the nose, and a broad flat nose. 

2. The facial surface of the upper jaw, but little hollowed, 
and often even convex (Dusseau). 

3. The zygomatic bones and arches verr prominent. 

4. The parietal bosses well marked, and often very much 
developed. 

»5. A curvature with the convexity anterior of the alveolar 
■t of the upper jaw ; a curvature answered to by a similar one 
the incisor teeth and their roots. 
In all these respects the Hottentots resemble the Chinese, as 
also in the less constant character drawn from the height to 
which the bones of the nose ascend. 

In both the vault of tho cranium very often projects in 
the median line. In both we find, in most cases, elongated 
quadrilateral orbits, which incline outwards. 

The projecting form and outward inclination of the 
angles of the lower jaw are frequently met with both in the 
Hottentots and in the Chinese. I must, however, admit that 
in the Chinese the nose is not so flat as it generally appears to 
be in the Hottentots, Immediately above the pyrifonn open- 
ing the nasal bones are more projecting in the former than in 
the latter. Thisdifferfin-i- wu* [niviptililo even in the Chinese 
and Hottentots whom I have seen alive. It follows from this 
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that although the Chinese are in general plstyrami 

are so in a less decree than the Hottentot*. 

In the second place, the convexity of the facia] 
the upper jaw is met with more frequently in the Hottentotl 
than in the Chinese. 

The peculiarity of having the angles of ihc lover jaw curved 
outwards, cannot be regarded as a race-character. I I 
with it pretty frequently in the Caucasian crania of the Vrolik 
Museum. It must be noticed, moreover, thai 
pally in the crania of men. The crania of women— i I 
Chinese, and Caucasian alike — only show it rarely and in a 
very feeble degree. 

M. de Komng has studied the ai talie of the sub 

temporal region in the Chinese crania of the Leyden 
namely, the frontal apophysis of the squamous portii 
temporal and the sutural hones developed in the 
suture which is situated towards the frontal bone, 
relations, to which M. Virchow is inclined to attach u 
pological significance, were altogether wanting in the Hottentot 
crania which I have had the opportunity of seeing 
Messrs. Barnard Davis and Wyman toe. at.) mention then in 
the Hottentots examined by them. 

In forty-one Caucasian crania in the Vrolik Museum, I have 
nine times found a sutural bone in the squamous ratlin 
eight times on one side only, and once ; in the cranium of an 
Englishwoman) on both sides. Two of the Caucasian crania 
were stenocrotaphie. In none have I seen a true frontal apo- 
physis of the squamous portion of the temporal. 

The frequency of this sutural bone in the Caucasian crania 
of the Vrolik Museum is evidently quite a matter of chance. 
May not the frequency of the frontal apophysis of the squamous 
portion of the temporal of the Chinese studied by M. de Koning 
be in the same case ? 

I must here express my regret that I have not been able to 
study all that has beeu written about Hottentot crania. It, is 
therefore very probable that I have neglected some important 
characters already noticed by other authors. 

Van der Hoeven was of opinion that the analogy '- 
the Hottentots and Chinese to which Harrow liud called atten- 
tion, only extended to the colour and the direction of 

Although the similarity in colour and general an 
seems to me to be a fact of very grea t importance, I think thai 
the cranial characters, in spite of certain differences, equally 
authorizes us to admit a close affinity between the Hottentotl 
.mil Chinese. 

• Tjj&cAr. !■. Sat. (htc/M, tome iii. p. LS3. 



CONTRIBUTIONS TO THE KNOWLEDGE OF THE HOTTENTOTS. 157 

To check (he conclusions which I have found if necessary lo 
adopt, it would be important to compare thoroughly the lan- 
guage, manners, customs, religion, legend.-;, Ac. of the two peoples. 
Tlic hots which I have been able to collect on these heads are 
unfortunately but of little significance. 

Dr. Carpenter, one of the few authors who admit the rela- 
tionship between the Hottentots and the Mongols, having asked 
Mr. Norris whether there existed any analogy between the 
languages of the two races, received a reply in the affirmative: 
' The affinities of the Hottentot language being rather con- 
nected, in his opinion, with the languages of High Asia, al- 
though the connecting links arc extremely slight.' (Carpenter's 
Bitmm Physiology, 5th Ed. p. 897.) 

Prof. Sehlegel, whom I have consulted on this subject, ad- 
vised me not to place too much confidence in so vague an 
assertion, and said that in his opinion flic affinity in question 
would be very difficult, if not impossible, to demonstrate. 

Supposing, however, that there was no relationship between 
the ("''! languages, it would slid he no sufficient reason for 
denying the affinity between the races. The Chinese and the 
Japanese, who, in an anthropological sense, arc closely allied, 
*I« j iik languages so different that there would be great difficulty 
in discovering the slightest analogy between them. The Ainos 
justify the same remark. 

Moreover, the language of the Hottentots, in the course 
of centuries and under the influence of a number of circum- 
stances, may have been considerably modified. It is certain, 
however, that in Africa it has undergone no considerable alter- 
ation, since, as I have already pointed out, it has remained 
fundamentally different from the languages of the neighbouring 

pl-dplcs. 

As I had received from different sources, independent of 
each other and worthy of belief 'among o( hers from the present 
grand chief of the Korannas, Mossou Ryt Saaibosch), the com- 
munication of a legend, according to which the Korunmis (and 
consequently also the other Hottentots) had arrived at the Cape 
in boats after traversing the sea, the idea struck me that some 
Hiking event in the history of the Chinese, or of other 
Asiatics, had occasioned an emigration. But to the questions 
which I put on this point to M. Sehlegel, the reply was negative. 

The Chinese in the fifteenth century only knew the eastern 
coast of Africa as far as Melinda (Dozy). 

W« must notice, also, that at a period already far distant, 
some Chinese, lost at sea, landed on the Isle of Bourbon, where 
tin il race is preserved to the present day, fairly pure (there 
were therefore women amongst them). M. Sehlegel writes to 
me that, according to an oral communication of M. Grnndidier, 
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these Chinese refer their arrival in Bourbon to the fifteenth or 
sixteenth century. A French half-cute, whom 1 met in the 
Diamond fields of South Africa, gave the date of their establish- 
ment still earlier. 

The mythology of the Hottentots leaves us equally in 
obscurity. Old travellers, Koibe amongst others, have de- 
scribed with much emphasis the religious ceremonies of the 
Hottentots. None of these accounts deserves the smallest con- 
any more than those of certain missionaries who believed 
they had made the same observations. 

Le Yaillant, who of all the travellers to the Cape is most 
worthy of belief, and whose accounts are most exact and most 
provable, was unable to observe any trace of religion, either in 
the Korannas or in the Nan 

The later researches of M. BJeek on the mythology of the 
Bosjesmans do not further enlighten oh 
The legends and the myths collected by him all 
the animals "i Africa and to the stars of the southern sky. 
Most, if not all of them, are of very 

dent, among others, in the myth of the origin of the Moan, 
which M. Bleek regards — it is difficult to understand why — as 
among the moat ancient. 'The Mantis threw one of her ihoet 
at the Moon, which made it rod (the Moon) because the red 
wind of the Bosjesmana' country adhered to the oboe, and coM 
because the shoe was only made of leather. Tim.* th- .'■: 

•onJoitdt, and 
cohl became it it only leather.' {Cape Monthly Mwinzine, xi., 
lUit.) 

Now I must point out that the ancient Hottentots, although 
knowing since the sixteenth century how to ta 
never wore shoes. Further, ull the Bosjesmans whom I have 
seen were barefooted. The only chautMtn 
among them of ancient date 'and not even p 
of straps rolled round the lower part of the Leg. As for shoes, 
the 1 Sot. j e sin *j ns knew nothing of them until they came in con- 
tact with the Europeans. The legend in question, 
have been formed afterwards. 

The first attempts at painting among tin 
probably of an equal!} recent date. The ft-jud-l urt i< m-, uliieli 
Wood gives of them in his Natural Hwtory of Mm 
immediately the idea of badly- executed sketeln-* ■ 
officers, in <'_'iii,-jl'|.' mining uilier things by the peculiar form 
ill' their hats. Some hunters assured me they had seen, in 
eaves, early rt'preseiitiiliinis of iinimida. 

All the Hottentots have a vivid imagination. Tl 
and sing willingly, bul their recitals generally wandi r I 
the truth. It is this which uuikes me look upon the infoi 
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collected by M. Bleek in his Bushman's Ruscarchts, as possessing 
a very problematical value. 

A new indication may be furnished, I think, by their 
domestic animals. At the tunc of the discovery of the Capo 
the Hottentots possessed both sheep and oxen. 

Sheep were originally entirely unknown to the Cafrres and 
to the Bechuanas, as also, if I am not mistaken, to the Damarus 
and to the Ovampo. 

The indigenous race of sheep of the Hottentots, which has at 
present, perhaps, entirely disappeared from the Capo countries, 
was the sheep with a big tail, identical, apparently, with the 
Qgit ptattfura. This Ovis platyura, from what I have heard 
bom Mr. Horst, comes from the hot parts of Western Asia 
and the south of Russia, whence it has been imported into 

I certain parts of Africa. The Hottentots were in possession of 
this sheep before the arrival of the Europeans; had they not 
brought it with them on leaving Asia? If the identity of the 
big-tailed sheep of the Cape with the Ovis pluh/ura could bo 
placed beyond doubt, it would be, in my opinion, a very 
important indication as to the question of the origin of the 
Hottentots. 

The possession of this sheep-race proves still more. In the 
north of the Cape country we do not find any sheep. The 
middle part, including the northern Transvaal, seems entirely 
unfit for rearing these animals. Amongst the known causes 
we can quote the poisonous qualities of the pasturage, the 
presence of the tseM fly, and of special pneumonias. It 
would, therefore, have been difficult, if not impossible, for 
the Hottentots to move on from the North to the South on 
the firm soil of the Cape. 

Cattle were reared by the Caffres and Bechuanas as well 
as the Hottentots. As to the Caffres, I believe that they 
possessed particular breeds of oxen (Zulu and Boeskop races) ; 
as to the Hottentots I have not been able to discover anything 
of the kind. 

The Europeans got to know the Hottentots only at the end 
of the fifteenth century. As I have said already, the popula- 
tion at the Cape was then only thin. According to an estimate 
bonded on (he statements of travellers, I believe that the total 
of Hottentots at that period did not surpass 200,000. This 
jumiK'.'i', which I should even feel inclined to reduce, is certainly 
tall for a people, which was, for a long series of centuries, 

true umstanees so favourable to its multiplication. 
Moreover, it would be a very strange lusus natnra; that 
ild have produced at the Cape a race so characteristic, so 
ferent from all neighbouring people, and showing so much 
ilogy with the- Mongolian race. 
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ANIMAL UEB.* 

FRW naturalists can claim to speak with more authority than IVuf. 
Semper. A long residence in those rich tropics! Eastern eoui 
naliirnl productions erf which we know chiefly bi m 

hurried travellers, or from the researches erf BCJi ati.Sc >■ ipeditions, faniiliarii»l 

him with tl»' structure and habits erf i most varied ininmtrligi 

forms; ami bis previous training enabled him to mall 

rivalled i >ppt>rt unities of study thus afforded him. Accordingly it u tsl 

peat wonder that his volume of the 'International Science Series,' lattdt 

published, should he unquestionably one of the most ititcn .-t : : . 

lions to noologicni literature that bus appeared for years. 

Holding tbe doctrine of the evolution of organic forma a* pi 
Semper considers that there has been sufficient theorizing on ths subject. 
and that what we now require is an exact investigation, by observation anil 
experiment, of the processes by which changes are produced in r i . 
Thus be says in bis Preface: — 'The popular cant about " Biogi a 
pies and the falsification of Ontogenesis- tiie laws of inheritance at corre- 
sponding periods of life, or the correlation of organs — Ontogeny and I'hylogeny 
— variability and heredity" — is put out of court as useless; for these »n 
i'jinntic expressions for a sum of identical or correlati 

iti'-nu, i if which il ssentiid nature is in no way reTealed lei r ]■: 

is with the view of indicating the road which he thinks ahoold b( taken ti 
firrniHl the true explanation of these generalized eipr.v 
bonk wn written. 

Variability, he thinks, of all the properties of the organism 'is thst 
which may lir*! and most easily be traced by exact observation b 
id it is to the phenomena and cans -s of wnini: ri 
that lii.' ls-'k i- chinllv devoted. Hut it basafmi ■■ 

[ opinion that tie* action of conditions external lo the organism U 
■ much more potent factor in the mollification of the Istter than 
by many naturalists of the so-called Darwinian scho 
Darwin himself, at least in his earlier writings on 



* The Natural Condition* of Exutmct a* they ofitct Animal Lift, Dv 
Karl Semper, 8vo. London : Kegan Paul & Co. 1881. 



From this point of view the question of the variabililvof organisms is treat**! 
in a most thoughtful manner by Prof. Semper, and illustrated by tbe citation 
of a multitude of example from nil ilii istmis of the animal kingdom, and in 
many cases founded on the personal observations nf the author. 

In the action of external condition* of existence upon animals, Prof. 
Semper distinguishes transforming and selective influences; but, in his 
arrangement of his subject, ho divides the external agents into those 
hioi'ifiimi: or inanimate nature, including under this tamo tin.' 
food which, although it may be derived from living organisms, doea not 
besonwfood until after they are dead ; nnd those due to living organisms, 
and especially to living animal* of other species. Both these series include 
both transforming and selective influences. 

Under the former category we have, besides food already mentioned, the 
influence of light and temporal urn, that of the condition of I ho water upon 
aquatic animals, and of the air upon others, tbe influence of currents upon tbe 
distribution of animals, and some other point! : trade* the NOOnd, I be action 
of parasites and hybridization indirectly transforming animals, and the 
consequences of the competition among animals in its selective in- 
fluence on the organisms. In connexion with the influence of water 
in motion, Prof. Semper furnishes his renders with an exposition of 
his views on the formation of coral reefs, illustrated especially by his 
own investigations on the Pelew Islands, which, as is well known, 
have led him, in opposition to tbe generally received riewB of Mr. 
Darwin, to the opinion thai here, at any rate, tbe evidence is in favour of 
the occurrence of upheaval of the region during the formation of the reef. 
So far as the Pelew Islands are concerned, there is no doubt the author 
makes out a very strong case ; but whether it is an exceptional one remains 
to be seen. Under any circumstances, his description of the 1'elew rejfs 
will be read with much interest. 

Throughout his linle lunik, indeed, the amount of interesting information 
on tbe structure and habits of animals that Prof. Semper lays before his 
readers is very great; and the statements in tbe text are supplemented hy a 
aeries of most valuable notes on points of detail, tormina; an appendix. The 
book is very freely illustrated with well-executed woodcuts, and ifl eiTliiinlv 
one of tbe most attractive volumes on natural history that has appeared for 
several years, 



A Pl.H.Al; l{r-:i.:uV\AlSSAN< l.. m 



THIS roost interesting book is intended by Captain Marliliam not only as 
an account of a voyage made by him in company with Sir II. Gore 
Booth to the seas surrounding Novaya Zeinlya, but also as an argument in 



* A Polar Ifec-nuni'fanc, briny thr Ytyiige of the ' M/i'lnt' I't X<mnin 

1879. By Albert II.. Markhajn. Svo. London : C. Kegan Paul 

ii Co'., 1881. 
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favour of renewed exploration in the Arctic regions, and as mi ind 

should be made. Id furtherance of bit preface* U* 

description of his own voyage with a historical account if the prcfiwi 

iv in the region of Novaya Zemlya, which, bri 
contains an exceedingly interesting record of ■ Iod) 

attempts to enlarge the knowledge of the geography of these itihusfjunr 
regions. 

As regards the exploration of the region around 
Markham is of opinion that the most hopeful direction for further rwean* 
is along the west coast of the land discovered by the Austin :, 
under Wevprecht and Payer in 1872, and named by them, in not 
Emperor, Franz Josef Land. The records of former voyages, nndCiptiin 
Markliam's own experience in the Itbj&rti, would seem to them tint il 
August and September in ordinary seasons there would Ik d ■ 
reaching and exploring Franz Josef Land in a steamer: and u t 
most point of that land in beyond SO" K. tat., it would . 
this direction we may with little trouble or delay attain a pro) 
Pole, which was only reached with considerable expenditure of time atd 
labour in our last expedition through. Smith's Sound. 

The Iibjiim, in which Captain Mnrkha.rn and his ootirpa 
Novayn Zi'mlvii and pushed H con -id. Table distance further towards tin 1 
north, was a liltle cutter of 4-!i tons burthen built for Antic juirp-ises in 
IsTO, and employed by the Austrian explorers, Weyprecht and Payer, ill 
making ■ reconnaissance preliminary to their voyage in the 7'i ,,■■ 
d'-.-<'ription of the accommodations on board this little craft, as : 
of the deiayrimens caused by the dirty and untidy habits of their Norwegian 
sailors, is by no means attractive. nevertheless, the boat, null as it wu, 
seems to have been admirably fitted for the purpose, although, appsrwitk 
rather too 'lively' in a rough sea to be quite agreeable even to ■ cqptsffi in 
the British Navy. 

The travellers embarked at Tromso on May 18th, reached Novaya Zemlya 
on the Oth June, and remained about the shores of that island until the oth 
September. They were prevented from navigating the Kara Sea by the 
presence of ice and the exaggerated idea of the danger involved 
tering it entertained by the crew of their little vessel, especially twu 
harpooners, who were regarded aa *r o^icib authorities on the subject of 
ice-navigation, and who appear to have been rnther pusillanimous when 
brought into contact with ice in any shape. Accordingly, when the Ithjiirn 
quitted the northern extremity of Novaya Zemlya, b 
a tii >rt h- westerly direction, with the intention of bearing up towards Frani 
Josef 1 ,:ii!il,bnt ice was again met. with about "8* N. 1st. and the feait of the 
crew were again excited, although this time apparently « 
Captain Markham himself seems to have come to tin . 
was pack-ice in front of them. On tlie 12th September, in the mi ! 
with foggy and rough weather, the travellers reached their moat not 
in 78' 24' N.lat., or within about 100 miles of the soutbenmtoet part of Fnuu 
Josef Land; but here the ilioi-er uf Vitig caught in t lie ice in so email a \ 
nod with only a mouth's provisions on board made a quick retreat th« 
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prudent course thnt could lie adopted, mul they wiled in a south- westerly 
■ regain TroineSi whew they arrived on the 22nd. Another sailing 
ressel, the Dutch schooner Wi&em Karaite, under the command of Captain de 
Bniytie, his t-iiffaf i-il in an exploration of these fleas at the same time as (be 
bbjont, but was more fortunate, for she met with no ice of consequence on 
her way to Franz Josef Land, which she sighted on the 7th September. 

Captain Markhom's narrative of the event* of the voyage is very plea- 
santly given, and as the greater part of till time was passed off the shores of 
Nuvaya Zemtya, upon which the travellers landed frequently, we get from 
hitn a very good account of the scenery of the islands, which is illustrated 
by several very well-executed woodcuts. Much attention was paid to the 
Datura) history of the districts visited, and Captain Markham not only 
records his observations upon the habits of various animal-, ese- eoilK *mie 
of the sea-birds; but he made considerable CoBMtiou both >>f iiuimals and 
plants which have enabled him to add considerably to our knowledge of the 
fauna and flora of Novaya Zemlya. Special reports on tlo-se (vII.vi.oti- l.y 
aeveral distinguished naturalists are given in the form of appeniliees at the 
end of the book, which, from all points of view, must be regarded as an 
important contribution to the literature of Arctic exploration. 



UIXMIlHi.TZS I.KITT'UKS.' 



PROF. IIELMIIOLTZ'S reputation stands upon a tripod. It rests, first and 
foremost, upon his originality u a physicist ; then upon hi* miiilniiiii- 
tical powers; and, thirdly, upon his contributions to physiological science. 
Rarely has a man of such versatility exhibited the profundity of knowledge 
which Prof. Helmholtz has reached in each of these pursuits. "Whether we 
view him as physicist, as mathematician, or as physiologist, we are equally 
cr.n-train.ed to admire the rarity of his genius. 

The work which is now before us contains e— tivs ln-nriiij.- ii|ion each of 
his favourite studies, and therefore, though small, it will appeal to a variety 
of readers. The mathematician will instinctively open the volume at the 
■ 'i the Origin and Significance of Geometrical Axioms;' the medi- 
cal man will unfailingly turn to the address entitled 'Thought in Medinne •' 
while the student of physics will mitunlly read the Hvge on Unstav Magnus, 
or the lectures 'On the Relation of Optics to Pi in ting,' or the discourse 'On 
the Origin of the Planetary System.' 

But these Lectures are not addressed exelHstvaly, ot even mainly, to 
specialists; tbey are, as the title indicates, emphatically 'popular. 1 When 
Ancient Pistol asks the king, ' Art tbou base, common, and jm/iutor?' he 
uses the word as a derogatory expression. Bat these Lectnres are popular 



• I'n/Hilar Lerlure* on K-i,„tilu- Suhjrrtt. By II. Uelmholt/, l'r..|'.--.r 
in lbs University of Berlin. Translated by E, Atkinson, Ph.D., 
F.C.S'. Second Series. 9vo. London : Longman/, dreen, & Co., 1861. 
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in the very best sense of the word: — tli» 
being vulgarited ; the leotum may readily be ' uoderstanded of the people,' 
while they -till retain the true ring of sound science. In fine, therm 
lich may he read with man ot culture, whether 

■ or not. 
li La id ba regretted, however, tint nmc of the lectures put.li- 1 
volume have grows rather old, and hav* tin 

I <lelirered as far back as ten years 
HL-"! Dr, Atkinson, the accomplished translator of the Essays, hit v.-. 
li,!.--.! .■.iTi.-'ni-riitili- ii)<Hlitic.iii<)iiiiinto the last lecture, dealing with' Academic 

L'fcl in Unman Universities;' n h-etuir whit/h, in it! original form, eat* 

■■- arks on the Universities of Oxford and (Jam bridge thai couli 
hardly be reproduced at this time in England, and certainly 
reflect the present position of education at those centnw. Let us hope that 
Prof. Helmholta's second series of Popular Scientific. Lecture* will be as 
ivi II Noshed by Knglinh readers as were the first, 



NATURE'S HYGIENE* 






IT ia n general belief that the vicinity of a pine-forest is exceptionally 
healthy, and of late years the Ilucolt/ptu* has also been credit-"] with 
sanitary properties of a very marked character. Mr, Kingiett address! 
himself some time ago to the chemistry of the subject, in ord 
plain, if possible, the hygienic influence of these trees. His researches 
had him to attribute their influence to the presence of certain essential oil*, 
which, by their slow oxidation, exert a. purifying action upon any malarious 
exhalations. Under the influence of air and moisture, the volatile 
Eucotj/ptm* and of the pine ate oxidized, yielding peroxide of hydrogi n — i 
p.)" el-fill ■li>iufect»nt —ami cunipli-i] ie m-ii] , which i- antiseptic. The oil of 
turpentine has, apparently, a higher oxidizing power than the oil of euca- 
lyptus, and hence pines are especially efScacioai iu rendering, a lucality salu- 

Mi\ rUngrett'l studies have led him to prepare an artificial substance 
which lie terms 'SanitAS;' but a review of a scientific work mu 

I Dim for advertizing a new disinfectant. Suffice it to say, then, 
that Mr. Kingrett'a researches in Nature's Hygiene are so clearly put before 
the public in the present work as to be quite intelligible even to those who 
are not versed in chemical lure. 



" KahO-e'i Hygiene: A Serin* of E*»ayt on Pupula 
'■■'■■■ 
Hue, By 0. T. Kingiett, F.0.8. Bvo. Loudon: liailliere, Tiudali and Cox 



PHYSIOLOGICAL CHEMISTRY* 

MEDICAL students have undoubtedly been hitherto at a low 
handy book of physiologic*] chemistry. True we may point i 
fine treatise of Klein, Foster, Bunion -Sanderson, mid Brunton ; but few in- 
deed are the students who have titne tn read ami digest h<i i-Inl»- jtiiLi- u murk. 
What most students require is a neat and compendious book which will 
serve a? a guide in l he ulnsiolnfrieal laboratory and will give them suffi- 
cient grasp of the subject to enable them to meet the examiner. It is not, 
now-a-days, enough to have 'read up' the subject in a test-book, but the 
student must show that he has actually seen and handled what, he reads 
about; he must prepare tissues for microscopic examination; he must test the 
proximate principles of the body; he must demonstrate the chemical com- 
position and the characteristic reactions of the various constituents of the 
tissues and of the nutritive fluids. How is all this knowledge to be acquired 
in a limited time f Books on histology there certainly are ; but where can 
the Btndent learn in small compass the pure chemistry of his subject Y This 
i* the want which Dr. Rulfe has set himself to supply, and we believe that 
the little work which he has produced i*. in >-v>-rv \v;iv, lilted fur its purpose. 
The instructions seem to be clear, concise, and trustworthy ; a 
rtudent in a physiological laboratory will find it useful to have 
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THE CONSTITUTION uF THE EARTTLf 



H. WARD, when a young man of two-and-twenly, favoured the 

with a modest essay, in which he enunciated his views on the constil 
of the Earth. The lendm;.' object of the writer was to show that the Earth 
had derived iW existence from the Sun, and had been, and still was, slowly 
increasing in size : not by mechanieal action, but by a physiological process 
analogous to the growth of ta organic body. Sj\-iiu>l-tliiri v jmib have passed 
since that essay appeared, and science has meanwhile advanced with unex- 
pected rapidity. Nevertheless Mr. Ward believe- I hut ihr march nf science has 
only strengthened his position. Soon after the publication of his essay there 
appeared the Yettiyrt of Creation, and at il much later period The Origin of 
Specie*. But Mr. Ward had forestalled the wriu-rs of these works, and had 
convinced himself of the transmut ability of species; only he had his own 
way of explaining the operations of ihe laws of development. The present 
■k is but an expansion of the earlier essay. It is not likely that Mr. Ward 
secure a large number of adherents to his peculiar view that the 
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* Demonstration* in riKjsiolnaival <rnd J'athologicai Chemietnj ; ivith a 
mew Aciount of the CUnicai Exatntnatuni of l-rtne. Bj Charles Henry 
Lb*e,M.A..M.D.{('aiitab. I. F.1UM'., .*,,'■ c*vo." London: David Hogite. IfeW. 
t The Van*tituti»it<-ft>ii- Earth : being an Interpretation <■/ the Lav* nf 
i in Xoture, by irhicX the Earth uw/ itt OTffamo life have been derived 
n the Sun by a progrtttia* development. By liobertWard. ftvo, London: 
e Bell and Sons. 168U 
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is growing larger by a kiwi of vital action : Dor do we think that b 

the current of sBentiflc wvpticisin which lias disturbed bi 
peace I S mind. The astronomer, uot less than the geologist, will haTB luiii 
a bone nf contention to fight over with Mr. Ward. 



STEAM AND THE STEAM- ENGINE.' 

ACCOltDLNG to the title-page of the Dew edition of Dr. Evere's Stum, 
the work has now reached its twenty-sixth thousand. We may 
therefore take it that in the keen struck' for existence among the many text- 
books which crowd the market, Dr. Evers's work has shon a hi ■■■!'■■ 
and Iibj asserted its right to live and to take rank among our standard 
manuals. At the time of its first appearance there was no work of its kind 
— st once comprehensive and cheap — and Dr. Eveis supplied a wan! which 
bad been felt, especially by classes working in connexion with the 8d«i« 
and Art Deportment. Primarily intended for use in such classes, it by nu 
means seivilely follows the Syllabus of the Examinations, and 
stands alove a cram-book for use in preparing for the May ordeal 
new edition hBs been revised, and has received the benefit of an i 
chapter cm compound engines. 



EXTINCT BRITISH AXIMALS.t 



.-.ii nosottj 



MR. HARTING opens the introduction to his 
extinguished British Mam inula in the following words: — 'The 
interest which attaches to the history of extinct British animals can only 
lw ir[n;illiil liv tl„i regret which must bo felt by nil true naturalists at their 
disappearance beyond recall from our fauna. It is a curious reflection at the 
present day, as we pass ovor some of the wilder parts of the country, that at 
one time these same moors, and woods, and glens, which we now traverse so 
K'curi'lv, were infested to such an extent with ferocious animals, that a 
journey of any length was, on this account, attended with considerable 
danger.' It needs the spirit of the true naturalist to regret the change that 
has taken place. 

Either as naturalist or sportsman, however, Mr. Ilarting revels in the 
ideas thus conjured up. His imagination brings before him scenes which, to 

* Steam ami the St ram-Engine .- Land, Marine, and Locimt'/Htt. By 
Hi'nry Ev.-r», LL.il, {OJlinj Aditimvd .Science .Seriei). i-vo. LjOndou : 
W. lA.llius mid S..iw. 1860. 

t Ilrdish .Inumili extinct n-ithin Hitforie Timet, irit/t m 
J>rt<*k H'tW miff Cattle. HvJaim-e Edward Hail: 
Trubnerft Uo., 
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y mortals, may seem unattractive enough, but upon which he dwells 
rith sentimental yearnings. ' racks of wolves,' he says, ' which usually 
Rpwd forth at night to ravage the herdsman's flocks, were ever ready to 
■ttjick the military herdsman, or unwary traveller on fool, who might venture 

■ i pjiM within reach of their liidiiur-plsu'e*. In the oak wood* and amongst 
he reed-beds which fringed the meres, wild boars lurked Many a 

ii n had cause to rue the sudden and unexpected rush of some 
Tind old patriarch of the "snwnder," who, with gnashing t links charged 
ul upon the invader of his domain, occasionally unhorsing him, Mid not 
nfrequently intiictinfr severe injuries upon his steed.' 

Degenerate Britons of the present day may, perhaps, he glad to compound 
>rthe absence of such wild besets as (lie wolf, the boar, and the wild boar, 
r their freedom from the chance nf finding any "iieh >'ii-it<-iuenta as the 
)ove when journeying from town to town on foot or on horseback; but the 
ithusiaam that prompts the author of this hook to express his regret that 
e wild beasts, with nil their inconvenient habits, have passed away from 
t country, may serve to give tlie reader an assurance that no paina have 
en spared by him in its preparation. It is difficult, as he justly says, to 
due the state of things above indicated, ' unless we consider at the same 
H i Ii'- iapect and condition of the country in which these animals lived, 
d the remarkable physical change* which have since taken place.' Half 
> country, at least, was forest, or wild, uncultivated ground, and in the 
Appearance of this state of things the naturalist can hardly avoid rinding 
i o'gTet, hundreds of organisms, both animal and vepe table, must 
pa succumbed to the progress of cultivation and the spread of population, 
lieu have unit attained such a pitch that one has to travel a coiwilcntUe 
tance from London, at any rate, in order to tind a bit of undist urhed land, 
iw different from the condition of things some six or seven centuries ago, 
en the forests came up almost to the pates of London, and the churches 
certain cities lighted beacons on their towers to guide belated travellers 
uugh tlie waste outside. 

Five mammals, which have become extinct in Britain within the 
torica] period, are here recorded by Mr. Ilarting, namely, the Bear, 

■ Beaver, the Reindeer, the Wild Boar, and the Wolf. On the last-named 
mal Mr. Hurting contributed n lung article to this Review some years 
i. It is treated here very much in the same manner, but with consider- 
e additional information. The Bear, as a British animal, does not seem 
l«re been abundant in the ■iniuli'-rn )m tt.-i ■ if the country within historic times; 

: there is no doubt that it existed in England and Wales at least as late as the 
Idle of the eighth century. In Scotland it seems to have survived till the 
th century. Its presence in Ireland as a native animal is doubtful, except 
m fossil evidence. The Beaver, remains of which are not very uncommon 
lieaty Nulls in the feiiland-i and elsewhere in England, seems to have sur- 
ed till the end of the twelfth century in Wales, and to a much later period 
Scotland. In the latter country there is somewhat doubtful testimony to 
occurrence as late as the sixteenth century. The historical evidence of 
existence of the Reindeer in Britain is still more scanty, and rests princi- 









n Icelandic Saga to the effect that the Jarl* of 



y were in the habit of crossing to Caithness in the s 
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this animal and the red deer — a statement the prtvi-. 

viiil by the use in the origin*] Sat-H of a conjunction of varUh* 
mewling, which leases it uncertain whethi r 
animals, or using what he thought were two Dftmi - P 
Boar seems to have survived until well on in I 

UesidestheseaniniaK which have liecome absolutely-extinct i;j I 
Mr. 1 [artiog has n chapter on the so-called wild whit 
posed to represent the original v. > . ■ prmtifmmH. 

Like the Aurochs or European Bison, thete cattle may fairly Iw reginW 
as extinct as wild aniruais, seeing that their only reprtoebtativi 
found preserved in certain parks in various parts of the country. 

The subjects hen? discussed are of great interest ; ami .Mr. Hurting h" 
spared no labour in endeavouring to do justice to them, (lid deeds, bodnrf 
all L ' ds, law report*, and the most miscellaneous sources harp been ran- 
sack ed by him in search of information upon these forme? deoi 
islands ; and the result is that he has brought together, in a most r»a.i»Wc 
form, a muss of very curious information, "hi ami r ci I 
to the xoologist, but which may be perused with pleasure even by those «W 
are not naturalists. 



THE CHRISTIAN KNOWLEDGE SOCIETY. 

THE Committee of the Society for Promoting Christian Knowledge m 
inclined to hold very broad views as to what may be colled ' Christim 
Knowledge.' Their theory, no doubt, is that the cultivated Cbrisriiu) 
ought not to bo behind other people in general knowledge, and in this iff 
think they are quite right, We have already had noes 
two popular works on scientific subjects ; such as Prof. Duncan's little «**- 
side book, and the late Prof. Ansted's elementary treatise on Minerals ; and 
we have uow received from the Society a parcel of books, to which w$ rat} 
call the reader's attention, although some of them have no claim I 
scientific character. 

This applies more especially to two volumes by Mr. Davenport Adam*, 
entitled Wrecked Lime, or Men who have failed, in which the author hM 
given some account of the lives of several more or less prominent or dis- 
tinguished men. who, like the boy who didn't care, came to a bad 01 BHatti* 
factory end. Another work, by the same author, describee the doing* i?f • 
select I in ml "t tin vi ■Hit-, C'lmmvuritiu" with Marco I'i.iIo, and winding up with 
Major Buniaby and Sir Samuel Baker. This little book* will be read with 
interest; it gives a good popular account of some of the more important 
journeys made in various parts of the world. Mr, Eden's (olums ■ 

* Some Ilernct of Trawl: or Clmptrmfrim thr Hillary of (ieographical 
■ i-l Hut eri>rite. B\ W. li. Llavenpurt Adiiin 

isaa 

t Africa, seen through its Explorer*. By 0. II. Eden. Sin.Svo. London. 



a good popular history of the progr.-ss of discverv on (he African 
wot, embracing the labours of Bruce, 1'ark, and his successors Denham, 
Clapperton, and Lander, I hi Chaillu and Schwefrrfurth, and finally Living- 
Bone. The book concludes with Livingstone's last expedition. It is illus- 
trated with a small folding map of Africa and some tolerably good wood- 
Two other little volumes, although not upon what are generally con- 
irutii 1 m:Ltti.T*, vnay ncV'Ttlii-li-SH puiUf.-i* eon-iilei.'iblt- interest for 
toe reader* >>f this Jtrriew. They are treatises upon the two great ancient 
■>-■■ ;n- ■■[" pliil — pin . Stuici-iu ini'l K}p!.-iuv : i]iLvn. - R,rli tli.'.-c little books 
•jip('M in be exceedingly well executed, and tlie. subjects an* handled in a free 
I md philosophical spirit. We niav renin H;, imperially in connexion with these 
■Ufa, where it might have been looked fur, the entire absence of any ubtru- 
bvb Christian pietism. The authors seem throughout to seek to recognize 
rtat it) good is these ancient phibv-opliies, and to lay before their ruadera a 
atulid statement of the historical facta. 

In Dr. Goodwin';, treuli.-e nil the Origin of the World according to liere- 
Ition and Scieiu*,f we certainly seem to see some traces here and there of 
the udiam thi'tlogirum, and we do not think the author has done very 
much towards clearing up the difficulties of the case. He evidently does 
Mt clearly realize what U meant by origin of species by evolution. The 
% to his idea ia that the account of the creation in Genesis is to some 
«tent poetical, but especially mora] and didactic, the description of the 
Beation of animals and plants being merely the framework for the picture 
of the creation of man to which they in a manner lead up. 

The first of a aeries of shilling Manual* of Elementary Science] is on 
Electricity, and by Prof. Fleeniing Jenkin. It is necessarily a very brief 
Mpoaition of the principles of the science; but it seems to be very clearly 
written, and to touch upon all the more important points. 

We have kept to the last the most pretentious of the volumes that we 
hare received from the Society ; not, however, for the ordinary reason that 
it is the best, but fr<ptn directly upponit*- considerations. It is called a 
Natural Hittury of Krilith FUher, by the late Frank liuckland,|| and but for 
th. melancholy circumstances under which it has been produced, we should 
have felt bound to handle it pretty severely. As a Natural History of Britiah 
Fuhe* it is lamentably defective, the author's well-known want of scientific 
knowledge, and ignorance or disregard of what other people have done, being 
conspicuously shown in nearly every page ; and the book may be defined aa 
little more than a pretty lively narrative of Mr. Frank Buckland's experi- 
ences in the pursuit of ichthyological knowledge by the light of his own 

* Stoieum. I)y the Rev. W. W. Capes.— Epicure an am. By William 
Wallace. Sm. 8vo. London, 1880. 

t The Origin nf the »'<ir/iiwirtlinri ''■ Iti-i-e-lat i<m end. Science. A Lecture 
by lUrv.-j ll.-klwin, ll.U. Sm. 8vo. London, 1880. 

t Elf.'trinty. By Fleeming Jenkin. Sm. 8vo. London, 1880. 

|| Natural Hut'try of Iirit\*h F\<h< < ; their ■"■'' run u n\ E'-onomie t'le), 
ami Capture by Net 'and' Hod. Cultivation of Fith Potidt. Eith euited for 
ilinftwafi'mftnn Artificial Breeding of Salmon. By Frank Buckland. t 
London, lB-81. 



170 



POPULAR SCIENCE REVIEW. 



intellectual lnnthorn. It contain?, however, some Interesting d 
fisheries : and the practical appendix on fishponds, the acclimatization of 
fish, and the artificial h reeding of salmon, may prove, useful. The account of the 
salmon is also the best section in the body of the work. The woodcuts with 
which it is illustrated am for the moat part indifferent. 



w 



PLANT LIFE.' 

E do not know why the author of this little work I 
proper to publish it anonymously. He has certainly ni 



conceal his name, for the series of chapters on Botanical subject*, which he 
has here brought tageAta, wbon ■ .-mmd knowledge of the *d once, and very 

considerable power of eoiiimuincatirii; tli:it knowledge in a pleasing and in- 
teresting manner. The book does not profess to be a systematic treatise oo 
Botany, but a pond method runs through the seemingly desultory chapters; 
and the general facts of the history of plants will be found to be well 
described in them. The author commences with microscopic plant*, mid 
then describes the structure and growth of plants, and the mode of fertilii- 
ation of flowers. Ferns occupy another chapter, and others Bre devoted to 
the lower groups of Cryptogamia. Recent researches are referred to, such 
as those of Mr. Darwin and others on predatory plants, on thefertiliiution of 
i >i cli ills, and on polymorphism. Inler-persed with these are good chapters on 
the folk-lore of plants, on plants and animals, and on plants and planets, the 
latter an exceedingly amusing and well-written exposition of some of the 
absurdities of the old astrological herbalists. On the whole we have seldom 
seen s> book better adapted to inspire unscientific readers with taste for 
the study of a science. With the view probably "f IBiiillilN] (boot who may 
he induced by his more popular book to commence tiotanical investigations, the 
same author has published some Easy Lemma in Botany,f which seem ex- 
ceedingly well fitted for the above purpose. What ' the requirement* of the 
Revised Code, 1880/ may be wo don't know ; but the little book is said to be 
written to fulfil them. Both these books are nicely illustrated with nume- 
rous woodcut figures drawn by the author. 



MOVEMENTS OF PLANTS.! 



MR. DARWIN in this work investigates and discusses, after his usual 
thoroughgoing fashion, a series of phenomena of movement displayed 

" Plant-lift : Pomtlar Papers on the Phenomena of Botany. With 148 
illustrations drawn bv the author. Sm. 8vo. London : Marshall Japp & Co. 
1881. 

t Easy Lessons in Botany. Bv the author of Pianf Life. Sm. 8vo. 
London : Marshall Japp ,v I !o, 1881. 

| The iWer -/ Movement m Plants.— Bv Charles Darwin, LI.. I k,FJL& 
Assisted by Francis Darwin. Svo. London : John Murray, 18*0. 
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ilants, to which he gives the general name of ' circumnutation.' This 
i is employed to express the tendency of the different parts of plants in 
rth, to describe a series of irregular curves, loops, and zig-zags, by their 
ements successively towards all points of the compass. As we propose 
le next number to have an article explanatory of Mr. Darwin's views, 
shall not attempt to discuss them in the space at our disposal here, 
experiments recorded are of the most ingenious kind, and carried out 
i the utmost care, and with that attention to all minutiae which Mr. 
inn so well knows how to bestow upon the most complicated investiga- 
3. Hundreds of figures, showing the tracks made by growing plumules 
radicles, are reproduced in woodcuts, and we think that on inspecting 
q the reader will be rather surprised to find that Mr. Darwin has been 
'■ to evolve anything definite from such an apparent chaos. 
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is lurroiwdiar Yalkys. 
iij'-g^'^y around the cavity from wiiictt taw remains *m extract^, vA 
mil (lie characters of the deposit show tint there 
inhumation. The portions of akeleton obtained were found frSel Jt, ■ban 
tin- bottom of tbe deporit. The stratification is in all direction*, Mid would 
w-'iu to indicate torrential action, hi common in quaternary times; th* 
human akcleton waa probably conveyed to the position wbere it wis found 
by ft currant Tbe deposit must bare been formed at ■ period when tb* 
■horn wan lower tlian at present, when the Faillon and tbe other water- 
CourMM of the coast unread orer tbe Tertiary plateaux before they bad 
hollowed out their present beds. Tbe deposit ia thus one of tbe diluvial 
Contemporaneous with the erosion of the Tertiary plateaus. 

Ttu human remaina found, a* determined by Dr. Niepce, notarial of the 
following bottM :— Part of the lower jaw, including- the left and part of the 
right ramus, and containing tlie four last molars well preserved. The nliroh 
of the tenth are vertical, with no trace of prognathism. The left ramtt* 
iDtaurarMl I eeiitim. from the angletotbe symphysis; and the distance bet ween 
llir two branch) i ia 06 mlltim. The teeth are scarcely at all worn, and the 
lout molar ia aa large a* the rest, 

Th" other bonni are a fragment of the middle of the femur, fragment? nl 
lh« I. n tibia, afragmont of the left humerus, a fragment of the radius, arx 
u fragment p rob n 1)1) of tho clavicle. From the ex ami nation of the 
I ir, Nlvpee arrive*, al the conclusion that the bonce probably >■■ I 
moll paian in it lei' than thirtj | I woman. 

M.il. ■(.', i he question of race, for the detern 

ii iln material! do Dot seem verj sufficient. He linila, ho' 



however, that 
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v strikingly resembles that found in the caves of Engihoul near Liege 

:r: additional evidence was referred by M. Hamy lo Hie 

if Cro-Magnon, and (his identification would lend to tbe Nice jaw being 

1 tn the same race, along with the skeletons obtained by M. Riviere 

r M*n trine. M. lie Quatrefoges linil- this identification supported by two 

■gmente of bone which he refers to the right femur, ami which strikingly 

Went the strom; longitudinal project inn (linen anjura) which is characteristic 

■f ' 'I'.i-Miiirnon. This race consequently livetl in the Quaternary 

-n -1 In -t li i in tin.- shiui-s uf Nice and union;: the mountains of I'crigold. 



ASTRONOMY. 

TV real Libration of tht Moon, — It hits long been suspected that from 
its alightly ellipsoidal figure, the Moon undergoes a reel libra tioo, or Blight 
p»n ilical inequality, in its otherwise uniform rotation on its axis. Several 
MtBmpts have been made to determine the amount of this real lihration, but 
without any great Buccese, though it is known that it must follow certain 
•■unascertained theoretical laws. Indeed, the theory of gravitation enables 
m to calculate the theory of this real lihration with all desired accuracy, it 
mil remains for observation to determine what is its actual maximum 
■avjtiRt : for this depending on the actual li™ure of the Moon is outside the 
Attain of theory, and appertains strictly to observation. 

Lately, Ilerr Dr. Hurtwig, of the Sirasslmty ( 'bservotory, has made an 
important addition to our knowledge of this subject by on elaborate 
mrmnir entitled, lieilrng zur Jimtimmunff dcr Phywchen Libratinn rfw 
Mtmdtt. lie has employed, as iho fmi nihil inn of his imv.-t Ration, forty -two 
aewurei, by means of the Strassburg beliometer, of the distance of the crater 
Hosting A, from seven points in the limb of the Moon. These measures 
Hot Hartwig proceeds to reduce in practically the same manner a- employed 
It l!«r Wichniann in his famous investigation of tbe year 1847. using 
nictly the same theoretical basis. Tbe main results obtained hy Herr 
llirinig, nud those previously obtained by Herr Wichmann, are appended: — 



Latitude of Moating A . . = 


-3 10 21** ll" = 


- 8 10 66 


Longitude of MoKting A . = 


- 5 10 67 * 25 = 


-5 13 23 


Inclination of the lunar equa- 






tor to the ecliptic . . — 


1 36 34 ± 113 = 


1 30 



7t 



So far the results are not very discordant, and the small probable errors 
indicate the superior trustworthiness of Herr Hartwig's results. The effects 
'» real lihration may be written as follows : — 

ration in latitude . - + if ainf 13-183 T + 80] accordlngto Wich- 
= + 286 sin { 13-188 T + 80) according to Uart- 



riax oawT- 




-.-_-. Om far* 



fc<^.r.K&.t»db»1illj I ii iimnl ■ u,U» 
M^&anMttaMMifM. H« fcdt ttw iigu nil otanm h*w 
ff^ ai n i ^ ; nr i % i a atM iiMg. it- iEbMs of tlu planet*, 



' I»tW» f««J«, T - ike minor mow .oUr Aits for Juhmtt 1 
(; - draotea to Maa >nn—ly of the Sun j uxi «, the oeu uotsih 
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g it systematically larger than others. Tims Mr. Ellis's personal equa- 
lto+ raO,wbereasMr.Duj>kinswa3-0"-6^, so that Mr. Ellis 
naticaUy makes the diameter of Mara 1"7B larger than Mr. Duukin. 
\t result was also ascertained, namely, that the diameter was system at i- 
H) large when the planet in nt a vTi.-i'li.-i'iilili- distance from the 
l. Lastly, Mr. Stone considers that the large imuliiition con-lanl obtained 
f Mr. Downing- is fictitious to a curtain extent, and due to other causes. 
The Diameter o/Vetta, — Last year, f rum a numerous set of measures, l'rof. 
ai of Rome determined the apparent diameter of this minorpla.net to be — 
= 1"'706 ± 0""09. 
n another set of measure- I iris he-n ublaiued b(- his colleague. Prof. 
jvich, who finds the diameter to be — 

- r-055 ± 0"-09. 

e results, freed from the effect of irradiation, would give about 800 

■ for the diameter of this planet, ' 

Jupiftr. — Further interesting observations have been made by different 

rvera of the changes which are taking place in the cloud strata of this 

t planet. The white spots on the equatorial belt continue to remain 

e becoming mom irregular in farm and dimensions ; their edges, 

i, are becoming softer and less sharply defined. They continue to move 

h faster than the great red spot, which still continues visible, but has 

h of the vividness of its tint; ami Mr. Denning 1ms watched one gain 

'hole revolution of the planet en the red spot. The band of dark irregular 

n the northern equatorial belt continued te be vl-ible during the winter, 

rt they have changed very considerably in form and appearance, rendering 

a accurately determine the period of their rotation. They seem 

t to move faster than the white spots, though originally Schmidt and 

s other observers considered their motion to be slower. The greyish 

t north of this belt of blackish spots has grown thicker and darker of 

s, and still further north there are signs of a new belt. Mr. W. F. Denning 

m up the results of his winter observations (Ofefventory, March 1881): 

> to be noted that the recent observations of this planet have re- 

n the clearest manner possible, a quadruple series of spot-motions. 

e is the red spot with its period of i> h 65 B .'(4" ; the short, dusky streaks 

d the red spot in the southern hemi.-pb ere) with their approximate 

line of 9" 65J», the bright spots on the equator with h 60J°, and the dark, 

irregular spots ranged along the belt north of the equator with ii h 48™. 

Further observations may reveal other phenomena of equal importance; and 

it is certain that the time has eome when thin planet will be subject to the 

constant and critical examination which the marvellous variations in his 

appearance so obviously demand. 1 

M. Uredichin is of the opinion that all the recent phenomena presented by 
the planet Jupiter can be explained by supposing that there is on elevated 
equatorial belt to the planet, and that there is more bent radiated from the 
■juthern hemisphere of the planet than from the northern. 

Lately an interesting investigation has been published by Herr Harzer, 

!■ suits 'if In- investigation of the perturbing action of this giant 

plaint, Jupiter, on the motion of Hrorsen'a comet of 1840, on the occasion of 

the very clo_-e approach uf the comet to Jupiter in May 1842. Herr Harzer 
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bus ably calculated the great changes in the orbit of '!.■ 

the attraction of this giant plan- in the uioui 

anomaly of nearly two degrees in the vectorial uglfl 

degree, anil in the inclination of about two degree* ; i 

form of the orbit in which the comet most have moved prior in it: 

approach to Jupiter, sad shows that the elements resemble (hose of a 

discovered by Messier in 1796. He does not think it likely, b ■ 

the two comet* are the same. Hen Saner thinks that there is mm 

believe that the orbit of the comet would have suffered tjmilni . 
in 1700, and may undergo similar changes in its near approach 
On November 30, 1660, .Mr. J. Birmingham observed 

]i II + 2°, 07 quite close to the planet Jujnler, being distant 

and giving to the plntiet all the appearauce of having fits satellites, lis 

light nl the Blur wan, however, very different from (lint ut : !. 

and, though il is a 7 7* magnitude 'star, it shone only like a It)" 1 rnnOTiludt 

Htor, owing to its proximity to the bright planet. 

Swift'* Comet = Comet t, I860.— The later obeervations which have tw« 
made of tliis comet have seemed to materially alter the earlii I 
about its orbit. Instead of having n period of eleven years, it 
there can be no doulit that its period is really only half of this, or about li»t 
and a half years; but owing to the position of its orbit the comet 
at every other return to perihelion. The latest and best orbit seems to U 
that by -Mr. Winalow Upton of Washington. He finds a* follows :- 

Epoch 1880, Oct. 20-6, Washington mean time. 

{M = 3.17 46' 4SW5 - Mean Anomaly at Epoch. 

a = 2fl0 41 65-4 = Longitude of Asc-ir:: 

W = WW 16 1:1-6 m. Distance of peribelion far 

i = 5 31 3'5 = Inclination of orbit. 

e = 0-67684 = Eccentricity. 

a = 8-39948 = Semi-major nib). 

,, = SW'OBra = Mean Motion, 

From these figures we learn that the comet passed through its p 
on Novetolier 770433 Washington mean lime, and has n period of 2 
days, or only '1 '4 days abort of six years. This result is in do 
with that calculated by Prof. Frisby from less perfect data. The period vi 
this comet is so nearly equal to half tliat of the planet Jupiter, an 
approaches so close to that planet, at a time whim that planet is not far dis- 
tant, that the comet must undergo considerable perturbation in \\i motion. 

PmMle't Comet = Comet f, 1880.— On Dec. 1«, 16-.il, Herr Peehiilej ili» 

!■■'■. i-n-il ;i unmet net fur fr tie- place nf llurlvv:g's comet. It was small, 

and at the time of its discovery pretty bright. It soou grew faint 

According to Prof, Voting this cornel had two (mis, ihu upper si 

one was directed towards the Sun, and about 40' in leuglh; the other. I 

fainter, tail was only about two-thirds as long, i'lnv were to ■ 

seen after the 22nd. From the observations Mr. C, 8. L'bondlerhescomput* 

an orbit. The elements he obtained wot — 






SCIENTIFIC SUMMARY. 

9'4087, Washington Mean Time. 

X *98tf 0' lo" Longitude of Perihelion, 
a = 249 38 44 Loneitude of Ascending Node. 
i = BO 41 24 Inclination, 
log q = 0-830884 Log of Perihelion distance. 
Motion direct. 

: Chandler remarks, ' The orhit of this comet presents a curious 
il resemblance to lhat of 1^07, memorable from llie elaborate invest i- 
u by Bessel, whose results indicated a period of 1488 years, and could 
reasonably satisfied with n period of lis- tliuti 700 years.' 

v Siwptcted Ei'-'ii-'i"'! uf the Milky Tim/.— An interesting account 
i published by Mr. Arthur Searle, one of the assistant astronomers 
d College Observatory, U.S. : — 
g the last five years I have become convinced by repeated observa- 
n very faint, but permanent band of light extends from At/tida to 
; through Aquarius and the southern part of Pucn. 
■ considerable part of its course lies near the ecliptic, it may interfere 
ippreciable extent with observation of the Zodiacal Light, and may 
'i mentioning on this account. ... I have consulted several works 
o contain information on similar subjects without rinding any notice 
d its presence seems not to have been generally recognized, if at all. 
■8 here have seen parts of it favourably situated fur observation 
e when pointed out to them; but fuller and more independent 
o required to furnish satisfactory evidence of its 
As I see it, its width is about fi°, and a fine drawn along the 
ttidille of the band will begin between n and p Aiptilrr, and pass between 
airtd ft Aqutirii, nearly through \ Aquariii thence crossing the ecliptic it 
*ill pass near 27 Puc h tm and v HtMlffl, and will end after reeroasiug the 
■Bftfe in the faint extension of the Milky Way towards the HtMdai. The 
colour of this luminous band seems to mo whitish, n.it yellowish like the 
brighter parts of the Zodiacal Light. ... If other observers should concur 
tn my opinions with regard to the existence and course of this luminous 
band, it will be a question of some interest whether telescopic stars are 
Musually abundant along it. This would of course afford the simplest 
tiplanation of any phenomenon of the kind.'— Ait. A'ach., No. 2368. 

Parallai of a and fi Cetitauri. — Herr C. W. Mocsta has lately carefully 
nyliiced the great number of observations of these stars made at Santiago, 
in Chili, during the years 1*G0-1864. From his results he deduces a parallax 
for <ij Cent torn of + 0"-570, and for Ceniauri of 0"*2090, the difference or 
relative parallax of the stars being 0".W, which id somewhat less than that 
found from the observations made at the Cape. 

1'arnlta.r of the Star Piam III. 242.— Nearly twenty yearn ago attention 
teas directed hy Utto Strove to the desirability uf determining the parallax 
u ns it forms a wide Unary pair with its neighbour, .",n 7' ■;■«,■,', 
BBM VB distant, anil is itself a binary double. Dr. ISall has lately i iken 
up this investigation, but with disappointing results, as the parallax Comes 
oat with a very small negative quantity. It is obvious, therefore, that tliii 
ti.-iM.- pamllai. It would really seem worth ascertaining 
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nilar result. 






BOTANY. 

The Markings of Diatom*. — M. W, Pring has sent us a copy of & paper 
communicated by him to the SoeiiU Belgt de Microteopie (Mem. tome vii. 1, 
containing descriptions of gome sections of Diatoms. lie obtained his ace 
tiiiiH by making' thin slices of a diatomaeeous rook from Kyi 
Jutland, and bis observations relate chiefly to three species, namely, CWo'n- 
diseus oculus-iridit, C. execntrunt, and Trinatria regina. In the first and 
third of these he finds that the marking's of the valves are true alveoli tra- 
versing the thickness of the outer layer, and terminating against the ii 
layer, which is nUo perforated by smaller apertures. 

El-mgated Sj/iral Cells in the Leaves of Vrinum — Bt Trocul finds that in 
the leaves of some forms of Crimim, especially C. americamm, there are 
large spiral cells with the aspect of spiral vessels, either isolated in I 
parenchyma, or collected into more or loss numerous groups. The blade 
the leaf shows numerous parallel iibro vascular bundles, which become thicker 
in the direction of the thickness of the leaf towards the middle of the blade; 
between them are vacant spaces formed by the destruction of the parenchyma, 
but interrupted by transverse dissepiments of parenchyma uniting the neigh- 
bouring bundles. The spiral or tracheifonn cells described by 51. Trocul, 
occur in all parts of the parenchyma of the leaf, but nowhere else in the 
plant. They attain a consideinble length, but in this respect vary greatly. 
51. Trecul indicates a range of length of from G'50 to 1840 millim., in the 
same species. Two of them were observed to be forked. The number 
of spiral cells is much greater in Crimm ameriemum than in C. fattens*. • in 
fact, these two species may bo distinguished by the characters furnished iiy 
these cells. C. africanvm comes nearer to the American specii • 
cul suggests the question whether the plants presenting the tboi i 
anatomical character, which it not shown by the other Crina, are h 
regarded as having the some specific origin. If they hud a oomn 
they have undergone considerable modifications ; the Tahitian plant, espe- 
cially, differing very widely from the American. On the other hand, 
C. tattewe being identified by Herbert and Kunth with Rub. EbomA 
C. pedanculatum, which they regard as the first variety of C. amtrale, and 
therefore allied to C. rubrkaule, e-ialt.atum, and caiialii-ulatliin, tie three 
other varieties of C. avstrale, it would be interesting to ascertain If all these 
forma possess the same character of the presence of spiral cells in 
parenchyma of the leaves. — Cumpta Ilendus, 4 February and 7 March, 1SS1. 



GEOLOGY AND I" A L. EON TO LOGY. 
South African Trianio Reptiles. — In a paper read before the 
Society in April last, and since published in the Quarterly -1> U 
Society (Vol. mvi. p. 414), Prof. Owen described lie remains of a reptile 
of his order Anomodontia, from the trian of Graaf ltcinet, in Soul 
which bo miuidered to show strong reseniblunota to the lower forms of tlio 
>/os«ils consisted of tune t\uwac«\«rt»b , t»,'»lt] . 
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of ribs, a sternal bone, a scapula, and a right humerus, found imbedded in 
use mass of rock, and of a femur and phalanges, and a pelvis in another 
mass. With the exception of tie pelvis, Prof. Owen described these bones 
in detail. The vertebras agrea moat nearly with those of DiofHoftM, Hid 
(huttnoibm. The supposed sternal bone is of n rounded hexagonal form, and 
is regarded by Prof. Owen as the anterior hone of the Meruum prober, which 
is usually unossitied in recent lizards, but well ossified in Ornilhurhy ncliiit. 
The scapula also presents resemblances to lhat bone in Pi nithu tymJMi 
The humerus in its general prop art ions, and especially in the tribal dereb p» 
ment of its ridges, was nlso shown to rewmble the mh.i' liniie in the Mono- 
tremee. The ungual phalanges were described as broad and obtuse, probably 
constructed to bear clows adapted for diL'gins!'. us in Erhidnu ; the femur also 
resembles that of the last-named animal. 

Prof. Owen remarked upon these approximations to the Monotrematoua 
Mammalia, id allusion to which he proposed the name of F?iitifpvdri«tiuiiu 
nibiiitut for this animal, the humerus of which was 10J inches long and 
nearly fl inches broad at the distal end. He also alluded to the interesting 
problems opened up by the study of these South-African repiiles ill (:■ I l 1 1 ■ • .\ i ■ >u 
with their possible relationships to the low implacental Mammalia of New 
Guinea. Australia, and Tasmania. 

Subsequently the pelvis was freed from the matrix, and Prof. Owen com- 
municated a description of this part of the skeleton to the Geological 
Society (Pt.h March, 1881). The fossil includes the sacrum, the right ' oa 
innominalnm.' and a great, part of the left ilium. There are tire sacral v«r- 
tehrje, which Prof. Owen believes to be the- total number in IKatypudasauntt. 
The neural canal of the last lumbar vertebra is eight lines in diameter, and 
of the tirsjt sacral nine lines, diminishing to six lines in the fifth, and indi- 
cating an expansion of the myelon in. the sacral region, which is in accordance 
with the great development of the hind limbs. The sacrul vertuhrsa in- 
crease in width to the third ; the fourth has the widest centrum. The 
coalescence of the vertebrn* justifies the consideration of the mass, as in 
Mammalia., as one bone or ' sacrum,' which may be regarded as approaching 
in shape that of the Mega the rioid Mammals,, although including fewer ver- 
tebra. Its length is "j inches ; its greatest breadth, at the third vertebra, 
6 J inches. The ilium forms the anterior and dorsal walls of the acetabulum, 
the posterior and postero-vontral walls of which are farmed by the ischium 
and pubis. The diameter of its outlet is 3 inches, the depth of the cavity 
li inch, and at ita bottom is a fossa l,.j inch broad. The foramen is sub- 
circular, 1 inch in diameter. The ventral wall of the peliic outlet is chiefly 
formed by the pubis; it is a plate of bone inches broad, concave externally, 
convex towards the pelvic cavity. The subacetabular boxdu is 7-8 lines 
thick ; it shows no indication of a pectineal process, or ef a prominence for 
the support of a marsupial bone. Prof. Owen remarks that of all examples 
of pelvic structure in extinct lieptilia this departa furthest from any modi- 
fication known in e anting types, and makes the nearest approach to the 
Mammalian pelvis. This i~ sho»u (specially by tbe number of sacral ver- 
tebras and their breadth, by the breadth i>f the iliac bones, and by the extent 
of confluence of the expanded ischia and pubes. 

At the same meeting- IV f. Owen di scribed anovW i\t;j ? 
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reptile from the Trias of Cough, in the Karoo District of South Africa. which 
he also considered to show strong tendencies towards the Mammalia : but 
■ he refers to the Theriodont Reptiles, and hence its approximation 
to the Mammalia would seem to load in the direction of tile Carnivorous 
Marsupials. 

This new type, described by Prof. Owen under the name of .-Eurm 
feHmu, is represented by the skull with the lower jaw, hut with Ihe porf- 
orbit al part broken away. There is a single nasal opening- imoDonarial); the 
ah-eolar border of the upper jaw is slightly sinuous, concave above the in- 
oiaoia, convex, above the canines and molars, and then straight to bt 
the orbits. The alveolar border of the mandible is concealed by the ova- 
lapping teeth of the upper jaw ; its symphysis is deep, slanting backward, 
and destitute of any trace of suture ; the length of the mandible is 3J inclw, 
which was probably the length of the skull. The incisors are - — ; , and the 
molars probably .—; or „ — 7., all more or less laniiLrifonu. The length of tha 
exserted crown of the upper canine is 12 millims, ; the root of the lefl qftf 
canine was found to be twice this length, eitellding upwards and backward!, 
* lightly expanded, and ih.'ii a little narrowed to the open end of the pulp- 
cavity. There is no trace of a suecessional canine ; but the condition of th- 
pulp-cavity ami petrified pulp would seem to indicate renewal of the working 
part of tbe canine by continuous growth. The author infers that the ai 
was monophyodont. sElui-uxtiurur was said to be most nearly allied to Lycv 
tauna, but its incisor formula U Dasynrine. 

With regard to the characters of the Theriodontia, the author remarked 
that we may now add to those given in his ' Catalogue of South Afriom 
fossil Reptiles,' that the humerus is perforated by an eulepicoiidyhu foranua 
and the dentition monophyodont. 

Some of the opinions expressed by Prof. Owen with regard to Uiw* 
Reptiles, especially as to their Mammalian tendency, and the distinctiv« 
characters of the order Tlieriodonlia, met with some objections from Mr. 
Hulke and Prof. SeeJey, but the facia adduced are certainly of uiueii 
interest. 

Batrachiatu mvl ibpltta.— Prof. Cope has some remarks (Amtr. Xat, 
August, ItSSO) upon His genus Crieattu, founded upon specimens 
from a shah' of Triasaio "r Permian age in Illinois, wni distinguished from 
the rest of the Stegooephali (LabjTinthodonls) by the compti 1 
mint of the centra and intereentra of the vertebras, both of which form 
vertebral bi>dies, and, in pairs, support single neural arches. Efi 

'.. 11 ilcti-t'ii-il in tlii- ii'i.iiL'iu.:i'l ili vi-.ii his of the Wtegocephali; a 
further knowledge of the structure of the genus shows that it is ll 
u distinct division of that group, which Prof. Cope di 
'Centra and intcrcentrn subequally developed as vertebral bod 
neural arch supported hy one oi each, formings double body. • ' 
Mippnrtinl ■ ■ t 1 1 _\ l._v i';i.iri;iii-.i. Ilasioei ipilal vertebral n 
iu-i.u.il with the first vertebra by an nndit ided discoid intercenti u 
the peculiarit) of the vertebra! column in general iscouliuued inl 

. '.1- of Hi,- ' ■ 

•ta body connect big oci-ipilal condyle and : 
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probability, tins single body represents the siiitjlr occipital condyle of the 
Reptilian 'kid!, n part which remains cartilaginous in the Lizard lung after 
tbe basioccipital is ossified, and us a distinct element. Tho structure i>f 
CHcotitt ahowa that it is a connate intercentrum. l*rof. Cope says :— ' Wa 
lure now removed tbe last difficulty in tbe nay of the proposition that 
the Reptilia are derivations of tbe Batrochia, viz., the difference in the 
cramo-vertebral articulation. But the fanner have not been derived from tbe 
Labyrinthodontia, as has been suggested, nor from the Uanocephala, but 
from the Eraboloroera, as I call the new order or sub-order. The order of 

Reptiles, which stands next to it, is, of course, tin- TIhti i|ilia, which pre- 

Knts eo many Batracbian character*, including intercentra.' The genus 
Diplovertobnm, described by Fritsch from the Permian gas-coal of Bohemia, 
is believed by Oope to belong to the same group as Cricottu, 

fiedoyi/ of the Cape Verde In!nmU.—\h, C. Poller gives a general account 
of the geology of tlio Cape Verde Islands in a letter to l'rof, Von Hauer 
( Verhaiull. k. k. geol. Reichtanrt. 15 February, 1861). He saya the group uf 
of islands, consisting of two separate clusters, is of volcanic origiu ; but in 
places there are also sedimentary rocks, Mpeoialh EmettOBG, M on the 
islands of Mayo and Bravao, which, with Santiago and the still active volcano 
Fogu, form the southern cluster. The unf ossiferous, dense, reddish limestones 
of Mayo, greatly remind one of the marbles of Trent. It would be dillicult 
to determine their age, and for this purpose a study of the formations on the 
African continent Wuiihl !»■ necis-ai-y. The i.-biinl uf Santiago, the largest 
of the Archipelago, represents the remains of n very large volcano, of which 
the crater is still partially preserved in the l'ico d'Antonio, a peak of 2450 
metres in height. The great crater of tho l'ico d'Antonio bus formed 
the whole island, and famished an enormous number of lava-streams, 
separated by strata of tuff and rapilli. Veins are rare, and of subordinate 
importance. In the vicinity of the centre of eruption toffs and breccias pre- 
dominate. Besides this great volcano, there are on the margins a dozen of 
smaller, secondary ones, from 200 to 400 metres in height. The products uf 
tbe volcano are rocks which may be characterized as a ndesite s, oli vino-basalts, 
and phonoliths, although, of course, their precise composition can only be 
ascertained by careful examination. As inclusions in the volcanic rocks, 
there are lumps of limestone converted into marble, and containing materials 
like serpentimc and chlorite,and also phyllite.micn-scu is t,diorite, diabase, &c 
The marbles are the roost interesting of these, as such contact formations 
h»ve iiitherto rarely been observed in recent volcanoes. 

Of tbe northern group Pr. Poller has only examined the volcano of San 
Vicnii, a great volcano the former crater of which forms the harbour of 
the island. It consists chiefly of lava-streams, which fall towards tbe sea 
uniformly at a gentle inclination, Between them are mum of tuff of sub- 
ordinate importance, with numerous veins. The margin of the crater has an 
elevation of about 1200 metres. In the midst of the crater Pr. Poller found, 
to his great surprise, unman of dioritic utd diabase-lite rocks from two to 
three kilometres in length and breadth, some of them resembling byperslbe- 
nite ; they were penetrated by veins of basalt and andesite, the rocks 
forming the volcano, and overtopped by lava-streams. Dr. Diilter ' ' ; t 
probable that in these we have masses uf the ancient continent, Lb 
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of which seems to be proved by the occurrence of ta;j»ea of schist ii 
lilTl >-( M, 

^nM Enp'ire E'-rkr nfthe rutj-de-Dome.—TA.h.iuXvfi hi 
Gated to tlie French Academy ( Cnw/if « Jlradta, 2*th Much, ! 
■: mi iIih nncii'iit eruptive rucks of the great plateau » 
the more modern volcanic formations of the Puy-de-Dorae. 
will probabl] he interesting to travellers in the Am... 
tion to geology, The rocks found are as follows : — l'urphyroid granite. 
. ranite with grains of moderate size, leptynit" (giaziafite of It 
Lt\y), pegmatite with tourmaline and garnets, amphibolic rocks, diorirt, 
Unphlbolite, and amphibolic petrosilei. The porphyroid granite tonus ri 

II, but all the other rocks are in the form of veins, which are my 
numerous and distinctly marked. The veins of leptynite and pegmstite bi 
a general north and south direction, with slight deviations to the east ifri 
wast. The veins of amphibolic rocks, on the contrary, generally runW.X.W. 

The order of appearance of these rocks was as follows : — 
Came outflows of porphyroid granite, which is the most ancient gnat* 
of the region; then granite with moderate-sued grains in strong vi 
porphyroid granite : then the veins of diorite- During the emission of tht 
latter, amphibolic granites were injected between Aydat and Fhialeii, and 
■i;i were traversed by veins of rose-coloured and gre*n atnplii- 
li.ilic petrosilex. liimimerable veins of leptynite afterwards appeareil.iuid 
the pegmatite* concluded the series of eruptive phenomena. 1 i 
rocks are always quite distinct. 

Tbe author states thai nil these relations are recognize, hi.' 
greati -i olBameos in many parts of this magnificent plateou; but he indicates 
certain points which he thinks of the most interest. 

1. At the Cutes de Ceyrat, along the road which ascends IV 
the granite cliff to Beraet, the porphyroid granite contains etm 
of Cambrian schists. Vary distinct veins of ordinary . I 
several metres thick, traverse the porphyroid granite. One of them in it* 
course traverses one of the enclosed blocks. Veins of leptynite traverH l*'lr 
granites, and one of them also cuts through the same block of schist already 
hWN .1 l'V the ordinary granite. 

2. In the quadrilateral included between Theddes, Chadrat, Snint-O.m**, 
Chnnvpanelle, and Berzet, the porphyroid granite encloses hundreds ol 
Cambrian fragments, into which it is also injected in branching and ar 
loosing threads ntnl veins penetrating the fissures oF the blocks. The gt 
must therefore have lieen extremely fluid at the time of ita production. 
Tliere is no trnce of metamorphism ; innumerable N. and S, veins of leptynjw 
and pegmatite traverse the whole system. 

8. Near Rccohw, at 100 metres in front of the village, a n 
vein of diorite enclosed in Cambrian quarUite, is distinctly cut through by a 
vein of leptynite 20 centimetres thick. 

4. Between San terra* and Aydat, on the margin of the lake, there is nr 
tbe road, 100 metres from Sautovriis, a thick vein of dioTite runnij.; 
traversing the porphyroid granite and a large included maai 
This is in ita turn cut by a vein of tournialiniferous pegmatite 20 c 
metres it 
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■': Near the last house in the village of Theddes a vein oE leptynke, 30 
Centimetres thick, is cut nearly at right angles by a vein of pegmatite with 
tourmaline of about equal eiie. 

The formation of nil thy* rocks is considered by the author to have 
taken place during the Silurian epoch. 



PHYSICS. 

A Note on the Determination of the Magnetic Inclination in the Azores 
ii communicated to the Proceeding* of the Royal Society by Dr. Thorpe. 
He notes that except a series of similiir observations made by the officers of 
tl e Challenger in 1873, none have been made since Captain Vidal's survey in 
l-l-'i. Magnetic observing is difficult in these islands, from the intensely vol- 
canic nature of the strata. The dip-circle used was lent from Owens College, 
Manchester. In the island of St. Michael the mean dip was 02° 4$'2 N., 
spinal 6X° S6'-S N. of the Challenger. In Terccira it was 04° 10'-3, and in 
Fa> a! G3° 38' 6. 

The Thermo-electric behaiiuur of Agueoue Solution!, with Platinum 
Electrodes, has been further studied by Dr, Gore, in continuation of his 
raernoir, already abstracted in this Summary, To prevent suspicion of error 
from chemical action upon the mercury electrodes therein used, coiled 
ribbons of sheet platinum were substituted for mercury, all other parts of 
the apparatus remaining exactly similar to those employed in the former 
Mpflrimeuta. They were heated to redness: and thoroughly washed. I*re- 
ci*ly similar liquids were used a,* in the first researches, none of them acting 
chemically on platinum. These were boiled for half-an-hour to expel dis- 
sohed air. At lrj0° Fahr. cyanide of potassium made hot platinum 11*0 
positive ; whereas the same couple, with sulphuric acid 1 in 40, rendered it 
4-J-"i negative. Between these extremes is a list of thirty-four other sub- 
stances. This is compared with the former wries, and tin 1 rlirh'ivHces between 
the results are only in one or two cases important. The chief conclusion 
arrived at ia that the currents previously obtained with mercury are really 
due to heat, and not to minute amounts of chemical action. 

The Home observer also contributes memoirs on the Influence of Voltaic 
Current! on thr JtijFu.>iini if I.:,juiit.i mid ■ n JC'iiinc Otmoie. In the former 
case the phenomena are very complex, consisting of a mixture of physical 
and chemical effects, chiefly due to electrolytic changes, to differences of 
specific gravity, to ordinary liquid diffusion, to electrolytic trimmer, and to 
beat of conduction-resistance. In the latter instance the experiments were 
similar to that made by Porrett. A vessel of thick glass divided vertically 
into two equal parts, had a diaphragm of biscuit porcelain about 1*5 millim. 
thick between its two cavities. The cell was held together by screw clamps. 
The electrodes wore of sheet platinum, the current from several Grove's 
pint-cells in single series, always in the same direction. In aixly-cight experi- 
ments osmose occurred in all but one — a saturated solution of potassic cyanide. 
It was in the same direction as the electric current, with one exception, that, 
namely, of bromide of barium in absolute alcohol. This single fact quite 
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invalidates the conclusion that the direction of flow is independent of 
chemical composition and molecular structure of the liquid, 
appear, however, thai this direction depends ' much more frequently upon 
the direction of the electric current than upon the internal ei. .. 
the li.jiu'l.' 

A paper complementary to this, by the same distinguished ptq 
aiders the EUdric current* canted by liquid dijTatiim and Otmott. It state* 
that other observers have already obtained electric current* bj ■ 
■ if two liquid.' — Ni liili tbe tir.-t. His arrangements consisted of a series d 
four glass cups, each containing an electrolyte, the liquids in tin 
miual vessels being similar, with platinum electrodes; a second and tlrid 
kind of liquid being in the two intermediate cups. The Mifatlowi were mi' 
nected by liquids similar to those in tbe cape contained in glass syph'im, 
with turned-up capillary ends. Fechner, "Wild. L. Schmidt, am! '■' 
attacked the same problem in various ways. To ascertain whether differem 
of facility in diffusion, caused by the action of gravity upon twi 
of solution of different degrees of concentration and of specific gravity worn 
produce a currpnt, twenty-fire small glass tumblers were taken, ench ala* 
nate one containing liquid of a different degree of concentration, 
nitrate was the salt employed. Platinum wire electrodes oobe] 
circuit. The liquidsin the vessels were connected bymeansof in 
tubes half an inch in diameter, alternately tilled with the two solutiin* 
Where the liquids came in contact st the end of each of the tubes a *ft 
septum of parchment paper was secured. On interposing a gal van- m. In :i 
feeble current was obtained, not due to differences in the electrodes. Its 
direction was downwards, through the septa and surfaces of contact, "Willi 
sulphate of copper and sulphuric acid, a stronger current of sin:'.! 
was obtained. Four other experiments, somew lint varied in their oonditkttt 
produced a much stronger current, in a reverse direction, from the strung 
solution upwards through the diaphragm into the weak one. Tbe difference 
of osmose, through a porous partition, was opposite in direction to that pro- 
duced by difference of diffusion. 

The phenomenon of Rtgeiation, origin ally discovered by Faraday in ISM, 
and extended in its physical bearings to explain glacier motion by Tyndill, 
has been recently made the subject of a memoir in the Anwilri de I 
de I'h'jfi'pte, by Mons. \V, Spring, I'rofessor of the University of l.iege. He 
advert* to the more recent researches of Ilelmholtz, Bottom ley, and b 
pecially of Treses, on thu viscosity of solid bodies, hut is of opinion that w« 
hare not yet attained a satisfactory solution of the question. Jamet 
Thomson and Clausula have given mathematical expression to the physical 
laws involved in the phenomenon, the general cases of which bars I 
verified experimentally by Dunsen. But two substances still form excep- 
tions to the rule — water and bismuth. Their specific volume being greater 
in the solid than in the liquid state, pressure lowers, instead of raining th*ir 
point of fusion. That of ice lowers 0°'0O76 for each additional 
of pressure. Mousson waa able to melt ice completely, without tin 
of any external heat, by a pressure of 13,000 atmospheres. Mans. Sprir^ 
considers that the binding together of solid bodies under pressure is a 
TeneraJ phenomenon, comparable to tiie liquefaction of gases. 
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nibjected 83 substances, of which 8 were metals, metalloids, 10 oxydei 
ind sulphides, 32 sails, and 19 carbonaceous bodies, with 8 mechanical 
mixtures, to compression, either under ordinary or derated temperatures, 
liih the following mining oilier results. Lead in a vacuum, under pressure 
equal tn that of "2000 atmospheres, becomes as solid as when malted : anjlaf 
WOO it Hows like a liquid. Bismuth welds easily under a pressure of 0000 
itmospheres, breaking- afterwards with a crystalline fracture, l'ewter 
MnM like lead. Zinc requires oOOO aim. Aluminium ami copper unite 
at 0000 arm. Antimony in grey powder recovers solidity and metallic 
lustre at COOO. Platina welds imperfectly with pressure alone. Of the 
three allntnipic forms of sulphur, the transparent prismatic form at 
6000 atm. became harder than that obtained by fusion, and profatUy 
octahedral, a form which the plastic variety also took at 0000 atm. 
The octahedral form itself welds easily at ;i000 atm. Amorphous carbon 
refuses to solidify under any pressure whatever, and exhibits the most 
•iicity. Graphite, on the contrary, as is well known, agglome- 
rate* to a solidity equal to the native material. l'eroxyde of manganese 
took the exact appearance of crystalline pyroluaite. Alumina became 
translucent . like the mineral known as Ha Hoy site, flowing like a liquid, but 
showing no tendency to assume the form of corundum. Sulphide of lead 
became galena. Many chloride*, bromides, and iodides welded and became 
transparent. Mercuric iodide look a violet colour. Nitrate of potash 
became plastic like wax. at 3000 atm., as did hyposulphite of sodium. 
Glue resisted at every pressure. Turf became practically coal, losing all 
trace of organic structure, and coking in a cloee vessel just like coal, a 
result of some geol";:ii:al importance. 

Pressure was also found to influence chemical combination. For 
instance, under a pressure of 6000 atms, sulphur and metallic copper com- 
bine perfectly. Mercuric chloride and the same metal change places, 
metallic mercury and cuprous chloride, free from rupric chloride, being left. 

M Spring points out (1) that under compression, the attraction of 

larticlea follows the direction of the crystalline axes ; (2) that crystalloids 

e better than amorphous bodies ; (3) that after welding, many bodies 

■puled solid flow like liquids. The compressing apparatus is described as 

nsiating either of screws or powerful levers weighted at their end. 

p'drnulic compression is not alluded to. 

Mu*ieal jritch and itt determination formed the subject of a recent 
lecture at the Royal Institution by Dr. W. II. Stone. He pointed out that 
absolute pitch does not exist in nature, the exceptional power of recog- 
nizing a note, or hearing it, being really an acquirement connected with the 
'muscular sense' in singers, and musical memory highly developed in 
organists and instrumentalists generally. After defining pitch as rapidity of 
vibration, he considered (1) the causes and amount of variation in different 
sound -producers; (2) scientific methods of measuring pitch ; (3) the musical 
application of such methods. 

1. Heat variations were illustrated by metallic strings, organ-pipes, har- 
monium-reeds, and tuning-forks. 

2. The mechanical, optical, photographic, electrical, and com putative 
methods of determining pitch, were exhibited and explained. These included 
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an exact copy of Colonel Perron? t Thompson'; AfcnneWiA i- :■.■ 
nf 240 lbs. to produee Tenor G, and Proteose* McLeod'a ingeni 
tion of Lissajous'a figures in the cy-closo ip<? , Ha i 

tire method, on account of its ■ and accuracj. 

By il absolute was first obtained from relative pitt-li. Setiei bier's Tvmmuf 
and Appuun's reed-tonometer were exhibited, as well as a photograph uf 
Iv 1.1.T1 itr 's timing-fork clock. 

3. The problem of absolute pitch having now been satisfactorily deter- 
mined, its application only needed' time and patience, the present state of 
the matter being di Hereditably to England.. Since Handel's time, pitch b*l 
riaun about a Bemitone. This, was attributed to (1 ) tb 
as tuned to by violins, over the corresponding ocl 

heat nf the wind instruments; (3) the difficulty of appreciating slow heat*; 
(4) the predominant effect on the ear of a sharp over a flatter note. Thi 
voice — God 'a instrument — should be consulted in preference :■ 
perfect instruments. The difference, however, betwa 

I pitch and the French normal diapason which, as a sumdard, had 
been proved to be both accurate and convenient, ia less great ueludicallr 
than is often supposed, Indeed the ear, unassisted by beats, was all bat 
unable to detect the difference. The main need of modern music wai a 
greater familiarity with the physical principles upon which it rests. 



ZOOLOGY. 



da has bid 



Abytial Cnutacsa of the Wed In/liet. — Prof, A. Milne-Edwards 
be full- I lie French Academy of Sciences a general statement of the results of 
his investigation of the Decapod Crustacea dredged up from great depths in 
the West Indian was, by the U. S. exploring ship Blake (Compter hendut, 
21 February, 1.^-1). 

The family Galatheidaa baa always been regarded as wanting in American 
waters; among these collections there are forty-one species, mostly consti- 
t u 1 1 ij ur new genera, although thirteen of tle.ni taking to the nMdi ., 
genera Galathen (J) and Munitla (111. True Crabs do 
great depths ; numerous small species are found down to about 250 fathoms, 
and at about 400 fathoms a new form allied to the weU-known 
gi'tm-, flunoplax, was obtained. This animal, deecribed by Prof. Milne- 
Edwards under the name of Bathyptax, is blind, its eyes being atrophied nl 
destitute of facets, and its orbits rudimentary. The Anoium ■ 
crurous Decapods, on the contrary, swarm at great depths. Down lo about 
lttOU fathoms the curious genus Wilkmoenia was represented ; ila specie* are 
apparently most nearly related to the well-known F.ryons of the Jurassic 
rocks, but the deep-sea forma examined by M. Milne-Edwards n 
The Galatheidte already mentioned occurred at still greater depths, down 
to more than 2000 fathoms, from which depth came apse 
new gonna (Galatkodti) having the eyes greatly reduced and . 
in rii'it. The most interesting types are those belonging i 
Paguriite, represented hitherto by the well-known Hermit Cml 
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although numerous in species, are all very similar and show no 
Cation) of an alliance with the Hacrura, such as the Shrimps and Lobsters. 

Among (he West Indian dredging, Imwcrir, such ii: 1 ■ 

tn abound. Thus PylocheUt AgattuH is described U ruiim-cling the Hermit 
Crabs with the Thalassiuidie ; the abdomen, instead of being soft and unsym- 
metricsl as in the former, is composed of firm, regular rings, and terminated 
hy a symmetrical fin. This animal lives in holes, the entrance to -which it 
closes with its claws. In Mixtopaguma, the abdomen is more developed on 
the right than on the left Bide, anil divided into seven joints, of which the 
first five are imperfectly calcified, and the last two large and hard. In 
Oitraconotwt the enrapnee i* OOriaOBOU*, ami the abdomen so small that the 
female uses the legs of the fourth pair to hold her eggs ; the last joint but 
one in these limbs is widened into a pal-tte forming a floor on which the eggs 
rest. Spiropapuru* and Catajiaffurut have a very small, twisted abdomen 
which the animals lodge in small spiral nhells, contrasiing curiously with the 
much larger carapace and legs which remain exposed. Eupagurtw diicoidali* 
inhabits the tubular sln'll- nf ])e>i/ii!nun, the nrilicc of which it closes with 
its claws. Xt/lupiH/uru* inhabits holes in fragments of wood and the cavities 
of reeds, rushes, &e. ; the cavities are open at both ends, and the Crustacean 
does not ga into it-s dwelling tail foremost after the fashion of the Hermit 
Crabs, but crawls in and closes one aperture with its claws and the other 
with the end of the abdomen which is converted into an opercular shield. 
Among the Dromiidaa there are numerous forms leading towards Homola 
and its allies, and the genus Jlomuln itself is represented by two species, one 
of which appears to be identical with the Mediterranean II. tjnmfrnm, thus 
furnishing a striking damply of the wide distribution of animal- inhabiting 
the irrent depths of the sea. The genus Ci/mi.p-iHa, of which one species in- 
habits the Mediterranean, possesses eight in the Caribbean Sea. The genus 
Etiuta, supposed to be peculiar to the Mediterranean, is also found in the 
American &eas ; M. Mihn-Kilwards has described ft species from the Florida 
reefs under the name of E. amcrieana, but states that it differs from the 
Mediterranean E. mair/irinic only by characters of little importance. 

It in impossible to overrate the value of such results as the above, and M. 
Milne-Edwards is quite justified ill commenting with some pride upon the 
iuijitiriiiut bearing which such investigations must have upon our conceptions 
of the system of Nature. As one instance of this, he indicates that the 
results of the Travail/fur's expedition of last year in the Bay of Biscay 
lbow*d the existence, in close proximity on the Spanish coast and in 
the neighbouring deep water, of two distinct faunas belonging neither 
to the same time (geologically speaking) nor to the same climate ; and 
he specially colls the attention of geologists to this fact as showing that 
at the present day and in the same seas, there must lie in course of for- 
mation deposits absolutely contemporaneous, hut which will con 
remains of perfectly dissimilar animals. The littoral deposits will 
r I i types ni higher organisations; the deposits formed at great depths will 
contain creatures of a more ancient character, some of them presenting 
mistakable affinities with fossils of the secondary epoch, while others re- 
semble the larval forms of existing species. 

We are glad to learn that the success of last year's expedition will induce 






I 



fOPHUJl SCIENCE KETIEW, 

h Government to send oat the TranaUfur again this (altuiMr no I 
ging expedition ; this j«i the scene of her labour! W£D 



The Crustaceans referred to above tn described by Prof. Milne-Edwuih 
in the Bulletin of the Unburn of Comparative Zoology in Harvard Colfegt, 
V,i -.lii., No. 1. 

Terminal progremon of CaUieXthyi. — According to Mr. Joseph Minon 
of Bahia (AVienw, December So, 16801, the Brazilian SShaM Bab, C a JfeataJ* 
ttfpn - , is very active on dry land. Mr. Mawson my 
seaaon the fish live in fresh-water pooL-. Whin lie pooh drj n p in the >1tj 
season, they bury themselves in the mud, and remain there nnl 
return the following year. They are noted for overland axctns 
mid that they are often met with going from one pool to anotl 
bad ax of the fish in a narrow-necked tin of water, with some sand mil 
mandioca meal at the bottom, for five days, and tbey continue actiie id 
vigorous, especially the smaller ones. These example* meaaiBi 
10 cm. in length, and I have seen them much larger. I have had them nut 
in the garden several times. I find that tbey move best on 
ground, and are embarrassed by sticks or other inequalities. Tin 
a little vertically, but their progress on land is effected entirely by a ijmti 
wriggling motion of the body, which is nearly tlat upun the ground. Tbt 
paired fins (pectorals and ventrals) are extend*! laterally, and H*m to bear 
little if any weight ; but tbey move slightly, and appear to serve to steady 
the body. Last night 1 beard a peculiar sound, and on looking around, I 
saw one of the fish travelling about the room. He had escaped from the tia 
which was in my bed-room, had fallen from the table to the lloor. add 
travelled along the corridor, about 12 metres (about 40 test), to the suit. 
1 watched him travelling for two hours, during which time I estimate that 
he moved at least 90 metres. Toward the end of the two hours he ret 
to flag a little, but in the earlier part bis method and speed were fairly 
He seemed to start with a sudden movement of the head or the barbels, 
then wriggled briskly for 5 to 10 seconds, advancing about a metre. Then 
he would rest for about 10 seconds, and start as before. Tins was kept up 
during the whole two hours, and I left him still moving. This morning, nv» 
hours later, I found him dead. While he was moving I spilled some i 
on the floor, but be crossed it; hence I concluded Unit it was mud rather 
than water of which he was in search.' 

TVicAinoji'*.— The spread of TrichinoiU in American pigs is producing 
very serious consequences, not only in North America, but also in Enrojnj, 
owing to the great importation of pork, hams, ic, from the I i 
In France considerable alarm prevails, and the most opposite opinions 
to be held — some writers maintaining that ordinary salting is sufficient to 
destroy the Trichina, whilst others declare that salting, smoking, and 
ordinary cooking, will not give the requisite safeguard. M. J, Ch&tin 
(Comptrt Jiendut, 28th February, 13*1), declares that the examination of the. 
encysted TrieAitu»in salted provisions seems to show that these parasite* 
are in a state of absolute functional integrity, for he says, ' We know that 
their passage from latent life to death is regularly manifested by important 
modifications in the nature of the cyst ; fatty matter accumulates rapidly, 
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oreous granules appear and multiply quickly, effacing I 
the origins] constitution.' None of these phenomena were presented by tlie 
Trichina observed by him. The ordinary course of experiment to decide 
-whether the Trichina are really alive consists in heating the trichiuized 
meat to 40° or 45° C. (104° or 113° F.), and then examining whether the 
encysted larva show any signs of movement. If not, the meat is regarded 
•s^innocuous; but M, Chatin holds that this conclusion must be accepted 
■with reserve, seeing that the action of heat only reproduces one of the con- 
ditions necessary for the ulterior development of the parasites. His own 
lest consisted in th" administration of small quantities of trichinized salt 
pork to two guinea-pigs, On the fourth day diarrhoea set in, anil rapidly 
increased ; on the eighth day one of the animals died, and the other on the 
fifteenth day. Examination showed all the signs iif acute enteritis; and 
further, the intestine contained numerous adult, sexually mature Tricliintr. 
The females showed normally developed embryos, which were also met 
with free in the contents of the intestine. In the guinea-pig that s 
till the fifteenth day, young Trichina had already got into the muscles, but 
hod not yet become encysted. 

M. Bouley(0»y)'« K*ndn*,7th March, 1881) seems to think that there is 
little danger of the spread of trichinosis in France, and accounts for this 
supposed immunity by the fact that such provisions as might communicate 
the parasite are thoroughly cooked in that country, the Trichina s 
being able to survive exposure to a temperature of 70° C. (1.58* F.}. 
spite of such encouraging statements, the French public appear to prel 
having their pork antricliinized, and M. Ilouley himself has been appointed 
tty the Government to organize a system of inspection at Havre. 

A Gii/tn/ic Ja/MHUc Cuttlefish.—)!. Flilgendorf describes (•Sitzujif/thtr 
<Ge»tliich. Narurf. Frrundr ai Berlin, 1S.-0) n gigantic Cuttlefish, which WO! 
.captured in the Japanese sea in 187'i, mul exhibited in Yi-do for money as I 
cariosity. It did not attain the size of the specimens obtained some years 
ago off the coast of Newfoundland, some of which were estimated to exceed 
SO f-i't in total length, including the long tentacular arms, w 
put able measurements of one specimen give the length of the body as 
!'i fat, and that of the long arms at 30 feet, making nearly 40 feet ir 
The Japanese Cuttlefish was, however, a sufficiently formidable animal; the 
length of its body (the hud estimated) was about "J feet, and that of the 
longest arm preserved, "1 feet. The long tentacles had been rut off, but M, 
Hilgendorf estimates that when they were perfect, the total length of the 
animal must have Wen at least 'JO feet. He was at first inclined to refer thia 
Cuttlefish to the genus Ommattrrphn, hut, on further consideration, makes 
it th>' type of n new genus, and names it Meyatruthi* Marteniii, The 
picric name is already preoccupied by Mr. Savill Kent's MeffohttntHit, 
BtopOSBd for one of the Newfoundland specimens, ami it is a rjiii--iinu 
« hi-lher the character.- indicated by M. HiL-'iidurf [ire sufficient to separate 
the Japanese species pem-ricully from Architruthit, Steenstr. Nevertheless the 
r.cni'l -if lb 'currenee of a gigantic squid in the Japanese seas is of interest. 

Th* Qrgmttf Ttute in FMet. — M.E. Jourdan has presented some remariai 

Upon thi.* subject to the French Aciidiiny (('mnjiftt Rrmli't, 21«t March, 
IH-'l).— Schulfc nearly riven !y viii-j ago .\.'-ci\U-<\ frtiw cnW,\\\S.ot\s\\i 
'See some observation of lV'E. VeinW'4,1;. VW. 
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Tfe» we m» 



in the Barbel anil in the tadpole* -if FtUbatu fus.iit, which he I I 

in structure with similar Imdii-s in the tongue* i>f Mammalia, and was W w 

lielieve that the two pels of bodies possess the same function*. M. Jminiin 

has investigated several fishes, and especially the Mali- 

phractum) at the Marine Zoological Laboratory of Marseilles, ■ 

rations confirm Schulze's. conclusions, The Malannat (n m*i 

Gurnard family) possesses barbels like those o( the Red Mull.t ( }hl/ui Imr- 

baht*), and free fine rays identical with those of the Gi 

which tray be either tufted or isolated, are attached, [0 ill.- mm 

or twelve, to the lower jaw ; two of them are always large, and pnjSBit 

secondary ramifications. They are always furnished with small crathifom 

bodies containing two kinds of cells; some, grouped in the centre, wA 

slightly projecting nt the surface of the barbel, reaemU 

minous nucleus; the others, arranged nt the periphery, are cv limbics). 

These organs exist also in considerable number in the mi 

lining the cavity of the mouth r they are arranged serially 

and the papillae of the rudimentary tongue have three o 

They are always in the epidermis. 

In the Mullet the cyntliiform bodies are much larger, 
those described by Schulie in the Barbel and Tench. EacB . 
placed at a point in the epidermis corre.ipon.ding to a papilla of tie dermis; 
it is clearly distinguished from the cells which surround ft by die dark colour 
it acquires by the action of osmic add, and the aspect <A tl 
forming it. Each is formed of cells of two types, between whieli all tradi- 
tional forms are observed; namely, cylindrical, peripheral cells, and cell* 
grouped in the centre of the ovoid body, which terminate in conical prooMM, 
the points of which are not so distinct in the Malarmat. All possess a 
voluminous nucleus. At the base of each corpuscle is a small granular mast 
formed by the varicose basal prolongations of the cells of the hi 
granular mass the cylinder-axes of the nervous h'bres disappear, atid the cell* 
of the corpuscles originate. Identical bodies occur in the mucous membrane 
of the tongue and pharynx. 

The Gurnards have cynthiform corpuscles on the tongue; and they pro- 
bably exist in the buccal mucous membrane of moat fishes. 

If these cyathiform bodies are to be regarded as taste-organ 
external or internal, the sense of taete appears to acquire an importance in 
tishes which may be justified by the nature of the medium in which the 
animals live. 'The search for food,' says the author, 'must be guided by 
sensitive terminations more particularly destined to the receptii 
tivc emanations ; this explains the distribution of the cyathiform corpuscles 
upon external organs, expiratory apparatus, the situation of v.l i.ii 
deceived observers, but which need no more surprise us than the i 
well-formed otoliths, far from the head, upon the last segments of Mymt. 

Giant Squid* on the Nr«fvu<adland Bmth*.~ Professor Verrill has pnb- 
li-lir.l [Amer. Jou.rn. Set., March, 1(*8I) an account of the OO 
Giant Squids of the genus Architeuthit in great abundance upon th« Grand 
Hanks in the year 1876. 1 te suites that he has been informed bj I 
Collins that in Octoher of that year a great number of these animals ' 
found floating nt the surface over the Grand Hunks, matt] 
■ ::.utilatvd by birds and EslieJ, I 
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inA, hut completely disabled. They wore seen chiefly between 44" and 44* 
-■■■ I between W 3ff and 49° 50' W. Long. From twenty*™ to 
anew were aiiid to have been secured by the fleet from Gloucester, 
Miss., and aa many more were probably obtained by the vessels from oilier 
places. They were cut up aa bait for codfiah. Capt. Collins himself »■» ir 
tommand of the schooner Howard, which secured five squida to her own 
ibire. They were mostly from ten to fifteen feet long, exclusive of (hi 
irw, and averaged eighteen inches in diameter. The anna were generally 
mutilated, the portions left being usually three or four feet lung, and, t 
hue, almost a* thick aa a man's thigh. One specimen, when cut up, was 
picked into a Luge hogshead-cask holding about 75 gallons, which it filled. 
Hutc&sk would hold 700 pound* of codfish, mid as the specific gravity of the 
■Arr&iltutAtt is almost equal to that of codfish, we may take this aa an 
apprijiiniate Indication of the weight of one of these gigantic Cephalopoda. 
Aliening fur the lost parta of the arms, this specimen would probably, when 
entire, h»ve weighed about 10(X) pounds ; previous estimates are too high. 

Professor Verrill refers to other vessels which secured portions of the 
u!urMj< supply of bait furnished by these great squids, and states that the 
£ R. Xkkervm, Cnpt, McDonald, obtained one which had ita arms, and was 
aot quite dead, so that it was harpooned. Its tentacular arms were thirty 
feet long. The schooner Tragabigzanda secured three in ont> afternoon; 
they were from eight to twelve feet long, not including the arms. Other 
fishermen confirm these statements, and some of them add that the ' big 
squida' were common during the same season at the ' Flemish Cap,' a bank 
some distance north-west of the Grand Banks. 

With regard to the cause of this remarkable mortality among these great 
Cephalopods, Professor Verrill suggests, that it may have been due to some 
disease epidemic among them, or to an unusual prevalence of deadly parasites 
or other enemies. lie indicates, however, as a point worthy of notice, that 
they were observed at the same season of the year when most of the speci- 
mens have been found on the shores of Newfoundland. Thia season may, 
perhaps, be immediately subsequent to the period of reproduction, when the 
animals would probably he so much weakened as to succumb easily to para- 
sites, disease, or any other unfavourable conditions. 

Disappearance of the muscles of larva in the pupa if Dijiterout Ifueet*.— 
It is well known that many of the internal organs of the larvie of insects 
melt away, as it were, when the insect passes into the pupa state, so that the 
pupa may not unaptly be likened to a second egg in which new organs are 
produced from a formativo fluid. M. Viallanes has communicated to the 
French Academy (Comptet Rendu*, February 21) an interesting description 
of his observations on the disappearance of the larval muscles in the pupre of 
Dipteia, founded upon the examination of more than 400 transverse sections 
of knit and pupce. The primitive bundles enclosed in their tarcolemma 
sthibit nuclei, some of which are situated just within the sarcolemtua, while 
others are in the midst of tie contractile substances of the muscle. Frum 
i first day of pupal life the primitive bundles begin to disappear, and 
"Bappearance takes place in two modes, — 
. By the excessive activity and proliferation of the nuclei ; 
. Hy tbeir degeneration at.d death. 
!i the tirat mode the sarcolemma speedily vanishes, tie tonlractile sub- 
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stance becomes homogeneous, and the nuclei become spherical, and m> 
acquire the value of complete cells. They are surrounded by a brw of 
protoplasm, enveloped by a membrane. In this protopla=ii! ti 
spherical granules make their appearance, and soon attain the 
nucleus, producing a mulberry-like man of Ave or six grains encliiseil it I 
common envelope. Tlie enveloping membrane disappears and the gnini 
separate, and again multiply by a process analogous to that already described. 
As these embryonic cells increase in number the contractile sulietanw if 
absorbed, and at a more advanced stage the place originally occupied by ii» 
muscular bundle shows only a mads of embryonic calls engaged in coustiut 
proliferation. 

In the second mode the sarcolemma also disappears, and the miimilir 
nuclei show a very distinct envelope presenting a double contour. Tliev .fill 
retain their original lenticular form, and their centre is occupied by n mull 
spherule composed of fine granules. These granules become fewer ml 
fewer ; they separate and tin ally disappear, when the nucleus is represented 
only by its empty envelope. While those changes are going on the con- 
tractile substance gradually disappears, by a sort of mflMng away, but 
without altering the general form of the bundle, finally producing ■ Culirar- 

lew, very finely granular (ubstftl oontaildag the original nuclei in any 

stage of the degeneration just described. 

Habits of Caltichthys faciatw. — H. Carbonnier records some curious par- 
ticulars of the habits of Callichthys faeiatut — a Siluroid fiat) from tlie riven 
of South America. His observations are made upon specimens from lh» 
Rio de la I'lata, living in his aquarium, and relate chiefly to the reproduction 
of the fish. Ho stBtes that when about to deposit her eggs the tank 
brings together the ventral fins in such a manner as to form a sort of pouch, 
in whicli the fertilizing elements furnished by the mail' finli are received and 
retained. The ovarian orifice is at the bottom of this sac, and through it 
some five or six eggs are extruded into the sac, where they are of n»M 
surrounded by a fluid charged with sperm atozoids. To secure imj 
the female retains the eggs in the pouch formed by the ventral tins for » 
abort time before finally depositing them. For tho latter purpose ahe select! 
a spot, usually well illuminated, which she cleans with her mouth from ail 
adhering vegetation, or other inconvenient objects, and then applying her 
abdomen to tlie place, opens the sac and attaches the eggs, which adhere by 
means of the viscosity with which they are endued. The same process i* 
repeated until all the eggs — numbering about iW for each female— bava 
been laid. The young fish are developed and able to swim about in from 
twelve to thirteen days; but their further development is comparatively 
glow, as they do not appear to bocoiuu adults until two j'ars after hatching, 
A singular fact mentioned by M. Carbonnier is the change that has token 
place with his CaUicht/iyti in the season of ovinoation since thi i 
talion to Europe. In the Kio de la Ilitta (he eggs are laid in October aad 

November. After being in Europe tor i j ■ the South A 

mens bred in August und S-pt^iiiln'r. 1*7*. mid the 
du»d have their eggs in the month of June. This ■■■■ 
an adaptation to the change 0/ climate to which ihi 
jeered, thu seasons in Smlli Atn-Ticu 1,,-iu.L' tliv n-vurae 
1880), 
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THE MOVEMENTS OF PLANTS. 

By the Key. GEORGE HENSLOW, M.A., F.L.S., F.G.8. 

[Puts V.] 



THE old distinction between plants and animals, thut the 
latter can move and the former cannot, has long since 
been abandoned as unscientific, and only lingers as a copy-book 
assertion; but that all plants, even when permanently fixed to 
the soil, have their steins, leaves, flower- stalks, Ac, in almost 
pupetnal motion, is a discovery of quite recent times, and 
notably due to the investigations of Mr. Darwin, His latest 
work, which bears the title of this article,* ia a troatiso based 
on the most careful and elaborate experiments on the motions 
effected by the different organs of plants; and it was thought 
that a brief exposition of the chief of these, as well as of some 
movements peculiar to the parts of flowers not alluded to by 
Mr. Darwin, might be interesting to the readers of the Popular 
Sdettet Rcvirir. 

The majority of the movements can be embraced under the 
.■ mi cirruiiiiiHtiflioii and its modifications; it, signifies a 
' bowing around.' The stem, leaf, or other organ, when cir- 
cling, bends to all points of the compass successively, 
with a sort of rolling motion, BO that the side which is upper- 
most in any direction becomes lowermost when it points in the 
opposite one. The circles or ellipses thus described by the 
:i|M_'X of the organ, are most perfectly seen in the eircumnutation 
lit' the shin* of (.'limbing plants; oilier organs for the most 
part move in ellipses, but with frequent interpolations of 
ng-Bags, triangular loops, &c. The projections of such motions, 
when observed for some hours, exhibit most complicated and 
intricate lines ; a great, number of these projections arc given 
In Mr. Darwin. With regard to the cause of circuumutution, 
Mr. Darwin says that on the whole we may at present conclude 

* The JWer of Movement in Plant t. By Charts Ddrwin, LL.D., F. 
UB«1ed by Fra.icis Darwin. Svo. London; Murray. 1360. 
NEW SERIES, VOL. V. NO. XIX. 
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that increased growth, first on one side and t; 
a secondary effect ; and that the increased n 
colli, together with the extensibility of tin 
primary cause of the movement of eircuinnutation.* 

It will be advisable to treat of the diffi n 
definite order, so I will proceed to describe the 
radicles, cotyledons, hypoeotyls, and cpicotyls of gei 
seeds; then will follow those of the stem* and leav 
developed plants ; and finally, the movements effected by the 
difi'erent organs of the floral region. 

Radicles. — The tip of the radicle, as soon as it > 
from the seed-coat, begins to circumnutate, and (lie wfcalt, 
growing part continues to do so, probably for as long U 
growth is maintained; it presumably is aided bv tl 
in being guided along lines of least resistance. As soon as tbn 
radicle has protruded, gtvtrupmn :it once acts upon il 
force bo identical with gravitation, it is gravitation ... 
peculiar way; for although the radicles of germinating needs 
whether in England or at the Antipodes, point to tin 
the earth, yet the influence affects the tip only, Eoi 
of no more than the - 02 to '03 of an inch, nl toast, b 'lit 
cabbage. This minute part, however, at 01 
some influence to a point further back, where the radicle bend* 
downwards in response to it; neither geotropiem nor 
nutation can enable the radicle to penetrate the soil. This is 
effected by the force due to growth both longitudinally and 
transverse'! y. By means of ingenious contrii 
grown under resistance; and Mr. Darwin found thai I 
growth exerted a force, after six days, of more than 8 lbs., 
and vertical growth, after twenty-four hours, of at 
Jib. 'Tho purchase for the due effect of these fore. - 
partly by the seed being below the soil, aided bj 
hairs, which, in consequence of the cellulose passing into a 
gum-like substance, fix the radicle to the particlefl of tfca 
soil. The growing part, therefore, nets like a wedgj 
which whilst slowly driven into a ere vice, continually 
at the same time by the absorption of water ; and a Wi 
acting, Mr. Darwin observes, will split even a mass ■ 

Another important property of radicles is their extreme 
sensitiveness to irritant*, such as mechanical obsl 
caustic, aad injuries by being cut, all of which it ■■ 
radicle io bend away from the exciting cause, as Wi ''.' 

of moisture, which, on the contrary, induces tbfl 
radicle to bend towards it. Any solid body which gii 

* P. 3, .1, I linvo ii'il lure 01 elwwhi ■ 
tlirouglmut tbis paper I hnve largely iuterwoven Mr. 
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permanent obstruction to a radicle, causes tlie Latter to 
•iate from its path till it finds no grout resistance ; and 
r. Darwin observes that this is the only-known instance of 
1 organ turning away from an irritant. By fixing curds to 
o side of the tips of vertically growing radicles, they were 
■used to tend upwards, as if trying to escape from the cards, 
s cuii forming complete circles, and in one case a radicle 
illy tied itself into a knot (PL V. fig. 3 •). The tip in 
j act of forming a loop, generally rubs again*! the upper 
•rt of the radicle and pushes off the alt ached card ; the loop 
n contracts or closes, but never disappears. The apex after- 
s grows vertically downwards (tig. 2). This sensitiveness 
is confined to the tip for a length of from 1 mm. to L'Smm,, 
We the upper adjoining part of the radicle, for a length of 
i or 7 to even 12 mm., in excited to bend away from the 
which has been irritated. After a time the radicle 
apparently becomes accustomed to the irritation, as ocean in 
of tendrils, and the irritant no longer affects its 
downward growth, which is resumed. 

After a radicle, which ha.* been deflected by some stone or 
rnot fniiii its natural downward course, reaches the edge of the 
obstacle, geotropism will direct it to grow again straight down- 
wards; but geotropism is a weak force, and the radicle assists 
it by having its upper part, a little above the apex, sensitive to 
contact, but acting in u directly opposite manner to that of the 
tip, for it causes the radicle to beud like a tendril towards the 
touching object, so that as it rubs over the edge of an obstacle 
it will beud downwards. This downward bending coincides 
with that duo to geotropism, and both will cause the root to 
re-unic its original course. 

Finally, Mr. Darwin observes, t the several co-ordinated 
tiium iii' nts by which radicles are enabled to perform their 
proper functions are admirably perfect. In whatever direction 
the primary radicle first protrudes from the seed, geotropism 
guides it perpendicularly downwards ; the radicles emitted 
from the primary are, however, only acted upon by geotropism 
in such a manner as to cause them to bead obliquely down- 
wards, unless the end of the primary radicle be out away, then 
adary ones grow vertically downwards. The tertiary 
radicles are not influenced by geotropism ; hence all the rootlets 
grow in the most advantageous manner, and the whole soil is 
5ms closely searched. 

Hvpocotvi.s and Epicotyi.s. — The radicle having penetrated 

* The figure of (he radish is nut from Mr. Dirnin'a work, but from a 
aawwina Bsde many years ng">. ""J which would seem uow u> lisi 
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(ho noil, the hypocotyl, as the axis 

■ ■died, begins to develope, at least in those seeds with 
their cotyledons above ground; but it is the pi 
opicotvl which alone does so of seeds winch retain the 
cotyledons below the noil. In either case the organ eora- 
inences its growth in the form of an arch, such bonis tin- 
result of an innate tendency in the case of the plumulr t« 
assume that form; the inner concave aurfs 
more rapidly than the outer and convex, tends t>> 
summit of the arch out of the ground. The apex of the rtn 
being ultimately freed from the soil, soon straighten- 
becomes erect. 

In whatever position the seeds may He, apogeolroptam acU 
upon the arch, and the two logs become vertical ; the entiit 
areh circumnutates more or less the whole time as the nato* 
of the soil permits. Mr. Darwin aptly compares | 
process of extrication of the arch from beneath the soil to « 
man thrown down on his hands and knees, at the same time U 
one side, by a load of hay falling upon him. lie would firrt 
endeavour to get his arched buck upright, wriggli 
same time in all directions to free himself a lilt.].- 
surrounding pressure; and this may represent tie cunibinnl 
effects of apogeotropism und ciroumnutation. The man, nH 
wriggling, would then raise his arched back as high as he 
could ; as soon as the man felt himself at all free, he would 
raise the upper part of his body, whilst still on his knocs and 
still wriggling. This will represent the bowing backward* d 
the basal leg of the arch, which aids in the withdrawal of ilu 
cotyledons from the buried and ruptured seed-con ts. 

Cotyledons. — Colytedons are in constant movement, chiefly 
in a vertical plane, and commonly rise up once und descend 
once in 24 hours; some move much often er, thus, 
Ipomcta <cerit/'ti moved thirteen times either upwards ■ 
wards In lb'" I8 m . As the motion when perfected gave ellipse*. 
cotyledons may be said to circumnutate. In a large in 
instances observed by Mr. Darwin, the cotyledons sank a little 
downwards in the forenoon, and rose a little in the afternoon 
<>r evening, thus exhibiting a certain periodicity in their 
movements, no doubt in connexion with the daily alternation! 
of light and darkness. When the cotyledons rise or tall (6 
such a degree as to be vertical, or at an angle of at 
above or below the horizon, they are said to be asleep; the 
object gained being, as in leaves, to escape injury bj 
at night. 

Stems, — Several experiments with stems of plants of variou» 
orders, showed that they continually circumnutate j 
case r * ' ii-cliinbera the cvrcvuaiuitoXvm \s o^ i\\e \\v>,v \#.'-.t<H 
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iml.* An interesting modification of the process occui 
ttolonft or runners, which consist of much elongated flexible 
(finches, that run along the surface of the ground and t\>nu 
nxiis ui a distance from the parent plant ; the circumnutation 
m no great, in amplitude, that it may almost he compared with 
"t climbing plants. The stolons are thus aided in passing 
"U'i nlistiK'les, and in winding between the stems of surrounding 

plants. 

Pbdcscles. — Flower steins form no exception to axial struc- 
tures in the habit of eirciimnutating ; but the effect is curiously 
modified by geotropism in the case of Trifolinm mbterraneum, 
and by aphcliotropism in that of Cyclarnrn Purxicum, in both of 
which plants the object gained is the burying the unripe pods 
beneutlt the soil, leaves, &.c. The flower-heads of Trifoiium 
mbttrroneum produce but three or four perfect flowers at the 
tase, all the other flowers above consisting only of cylindrical 
lalyx-tubos with stiff spreading lobes, forming claw-like pro- 
eetiims (PL V. figs. 4-6). As soon us the perfect flowers 
lithrr, they bend back upon the peduncles. This movement 
* due to e-pinaxty, a word coined to imply that the upper surface 
if an organ grows more quickly lhan the lower surface, and 
hua causes it to bend downwards. Whilst the perfect flowers 
.re thus bending, the whole peduncle eurves downwards and 
ncreases much in length, even from ti to 9 inches if a I 
in til the flower-head reaches the ground. At this period the 
'ounger, imperfect., central flowers are still pressed closely 
Ogether, and form a rather rigid conical projection. The 
lepth to which the flower-heads can penetrate varies from 
36 in ■06 inch. In the ease of a plant kept in the house, a 
i«»d partly buried itself in sand in b' hours; with plants grow- 
ng out-of-doors, Mr. Darwin believes that they bury themselves 
n a much shorter time. After the heads are buried, the 
antra] aborted flowers increase considerably in length and 
■jgiditv, and become bleached; they gradually curve, one after 
he otter, upwards or towards the peduncle (fig. ')). In thus 
uoviiiL', the long claws on their summits carry with them some 
•nrth; hence ;i flower-head which has been buried for a 
■tflotent time forms a rather largo bull, the aborted Bower* 
Kving caught up the earth with the claw-like sepal-lobes, act 
mnowhal like the hands of a mole, which force the earth back- 
wards and the body forwards. 

The calyxes of all the flowers are clothed with simple and 
nnltii ellular hairs (fig. 7), which, on absorbing Qarbo&ata of 
im mon in presented to them, exhibited protoplasmic aggrega- 

• Kor full daneription of twinara sod other elimtiog pints, the reader is 
■■f.Ti.'l to Mr. Unrwin's work on Tht Movement* and HabiUuJ V'UmU-iuj 
'$™/i. Bm «/-n /*■/>. Sd. Rev. vol. v. p. B5, 
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tion. As Mr. Darwin observe! ili.it only a few of the 
heads, wbirh from their position am not aWo to resell the 
ground and bury themselvi the buried 

ones never failed to produce as many Beeda m 
been perfect flowers, it may be reasouiibly eonj' i 
the object gained is to nourish the- ripening m 6 
through their surfaces, notion. The 

capsules of ! 'yclomcn and of the Wood Sorrel, Qxaiu 
nonally buried, bat then only beneath dead 

Leaves. — The movements of certain leave* whi 
to sleep, have long been observed, but it would 
probably all leaves and cotyledons circumnutate, and that Ibe 
so-called sleep is only ;i remarkable modification or developsMBl 
of this general kind of movement, accompanied, however, bj 
other and often complicated motions. The seat of the mow 
ment generally lies in the petiole, but. sometime* both in Wfl 
petiole and blade, or in the blade alone Tin- mi 
ehieflv in a vertical plane ; but. a* the ascending and descending 
Inns never coincide, there is always some lateral moveawati 
and thus irregular ellipses are formed. There is a periodicit] 
in the movements of leaves, for they often or genei 
little in the evening and early part of tho night, and litti 
again on the following morning, this periodicity being 
determined by daily alternations of light and darkness, as 

already mentioned in the case of cotyledon*. Ti j n_-t- > t « li ■ ■ 

movements occur where there is no pulvinw, for whi 
found, the movement is amplified into nyetilropic, or sleep- 
mo vem en ts. 

Leaves, Mr. Darwin says, when they go to si. 
either upwards or downwards; or in the cose of thi 
compound leaves, forwards, that is. towards the apex of the 
leaf, or backwards, that is, towards its base; or ■ ■■ 
may rotate on their own axis without moving either upward* 
or downwards; but in almost every case the plane of the blade 
is so placed as to stand nearly or ijnitv vertically at night. 
Moreover, the upper surface of each leaf, and more i 
of each leaflet, is often brought into close contacl \> ; ■ 
the opposite one, as the upper surfaces appear to require 
protection than the tower, 

The nyetitropic movements of leaves and ootyledon* alt 
effected in two ways, firstly, by means of palvini, which beconw 
ultimately more lurgesccnt on opposite side 
increased growth ulong one side of the petiole or- mi I- 
then on the opposite side This difference between 
■ of movement consists chiefly in the i 

fully-developed puYvmua nut VsVnv^ iv>YVnm«d b\ 
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The movements effected by growth on the alternal 

« are confined to young growing leaves, whilst tht 

ctod by means of a pulvimis lust tor a long time. 

The evil effects which result if -li.i j.in^ leaflets he prevented 

I] pressing their upper surfaces together, so as to protect 

m t'riiin radiation, were well Been in exi>criments of Mr. 

in which he pressed down the leaflets of ftra/w, 

•tilt'a, &c, so that they could not bring their upper surfaces 

■ DOOtact ; the result was (hat the leaves were killed. Thus 

twenty-four leaves of Ma mil in extended horizontally, expend 

the zenith and to unobstructed radiation, twenty were killed 

d one injured, whilst a relatively very small proportion of 

e leaves, which had been allowed to go to sleep with their 

iflets vertically dependent, were killed or injured. Mr. 

irwin noticed that the difference in the amount of dew on 

£ pinned open leaflets and on those which had gone to sleep, 

j* generally conspicuous, the latter being sometimes absolutely 

y, whilst the leaflets which had been horizontal were anted 

th large beads of dew. Another fact observable was liat 

len leaves were kept motionless, they are more liable to 

jury than when (hey were slightly waved about by the wind, 

1 thus got a little wanned hy the surrounding air. 

Cotyledons, aw well as leaves, may sleep; the former 

do BO more commonly than leaves, Of 153 genera observf 

Mr. Darwin, one or more species of twenty-six of these 

icra placed their cotyledons at night so as to stand vertically, 

aving generally moved through an angle of at least 60°. In 

large majority of genera the movement is a rising one, In 

, the species of Oteatis observed by Mr. Darwin, the cotyledons 

c provided with a pulvimis; and he adds that this organ has 

■miu- more or less rudimentary in 0. cortiknlata, in which the 

iount of upward movement of the cotyledons at night is very 

ariable, but never enough to be called sleep. Similarly, in 

Leguminosic, all the cotyledons which sleep have pulvini. 

this organ has been referred to several times, it will be as 

\« describe it. It constitutes a cushion or joint, and 

of a mass of small cells, usually of a pale colour in 

of that attached to cotyledons, from the absence of 

ilorophyll, and having a convex outline. The development 

a pulvinus follows from the growth of the cells over a small 

inod space of the petiole being almost arrested at an early 

go. As a pulvinus is formed by this arrestment of the 

>wth of its cells, movements dependent on their action may 

long continued without any increase in length of tho part 

is provided; and such long-continued movements seem to 

one chief end gained by the development of a ouT " 
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It will be desirable now to give a few illustrations of nyc- 
titropic movement* from Mr. Darwin's otnernttfoos. 

Averrhoa bitimbi (PI. V. fig, 8).— The leaflets o4 
move spontaneously in a very marked manner during the day, 
nre sensitive to touch, and sleep at night, when tEi 
hang vertically down and not&mless. 

Luptmis. — The digitate leaves of thii gemu sleep in thfM 
different ways. One of the simplest is mat :ill the leaflet* 
hecome steeply inclined downwards L it night, having been 
horizontal during the day, as those m' '.. i-r„-,<:< 1 1']. V ii£-. '.), 
10), when asleep are often inclined at, an angle of GGP beneath 
the horizon. In L HartuvgH and /-. ItltfUt, the leaflets, instead 
of moving downwards, rise at night, forming a hollow cone 
with moderately steep sides. 

With several other species, the position is remarkable. On 
the same leaf the shorter leaflets, which generally face rat 
centre of the plant, sink at night, whilst the longer oneson 
the opposite side rise, the intermediate and lateral on 
twisting on their own axis; the result is that all > : 
on the same leaf stand at night more or less inclined, or even 
quite erect, forming a vertical star. 

Melihlm. — The species in this genus sleep in a 
fashion: The throe leaflets of eae.h loaf twist through U ngb 
of 90", so that their blades stand vertically at night, with SI 
edge presented to the zenith ; the two lateral leaflet* always 
twist so that their upper surfaces arc directed towards the 
terminal leaflet. This latter leaflet moves in another and more 
remarkable manner, for whilst its blade is twisting and becom- 
ing vertical, the whole leaflet bends to one side, and invariubly 
to the side towards which its upper surface is directed; N 
that if this surface faces (say) the west, the whole leaflet Bemll 
to the west, until it comes into contact with the Upper ami 
vortical surface of the western lateral leaflet, Tims the npptl 
surface of the terminal and of one of the two lateral leafleti u 
well protected. It may be added that the 
petioles continually circumnutate dining the whole twenij-fmB 
hours. (PI. V. figs. 11, 12, 18.) 

TrifoHum irprns, — During the day, the leaflets of this plnnt 
are expanded horizontally (PI. V. tig. 14), but at night the 
two lateral leaflets twist and approach each other, until tin if 
upper surfaces come into contact ; at the same time 
downwards in a plane at right angles to that of their former 
position, until their mid-ribs form an angle of about 45" with 
the upper part of the petiole, this change of position requiring 
a considerable amount of torsion in the pulvinus. "* 
leaflet merely rises up without any twisting, 
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* over until it rests on and forma a roof over the cdgos 

enow vertical lateral leaflets (fig. 15). 
CaronMa rosea. — This plant affords an instance of leaflets 
riling at night from having been horizontal during the day. 
Tlii leaflets tA the same time bend backwards towards the base 
rf the petiole, until their mid-ribs form with it angles of from 
I" hi 50* in a vertical plane (VI. V. fig. 16). 




Cauia coiymbota, dating the liny 



Cassia. — The nyctitropic movements of the leaves in many 
aperies of Cassia are highly complex. Mr. Durwin's observa- 
tions were made chiefly on C. florikmfa and /•ori/mf'Onti, and ho 
furnishes the following description. The horizontally extended 
leaflets sink down vertically at night, but not simply, as in so 
many other genera, for each leaflet rotates on its own axis, bo 
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that its lower surface feces outwards. The upper surfaces of 
the opposite leaflets are thus brought into contact 

another beneath the petiole, ami lire well protected, 
in the woodcut* The rotation and other movi n 
effected by means of a well-developed pulvinus at the basse! 
each leaflet, as eould be plainly Been when a straight, nurn 
black line had been painted along il during the day The tin 
terminal leaflets in the daytime include rather leas thi 
angle, but their divergence increases greatly whilst 
downwards and rotate, so that they stand laterally at night, a 
may be seen in the figure: moreover, tin \ 
backwards, so as to point towards the base of the petiole. In 
one instance, Mr. Darwin found that the mid-rib of a ternUSll 
leaflet formed at. night an angle of 36°, with a line dropped 
perpendicularly from the end of the petiole. The second pair 
of leaflets likewise moves a little backwards, but less than At 
terminal pair ; and the third pair moves vertically downward.-, 
or even a little forwards. Thus all the leaflets in thos 
which boar only three or four pairs, tend U> form 
packet, with their upper surfaces in contact and their lower 
surfaces turned outwards. Lastly, the main petiole 
night, but with leaves of different ages to very 
degrees; thus some row through an angle of only 12 , ttti 
others as much as 41". 

The influence of light upon the movements of plants il 
various. Thus the so-called heliotropic movements are deter- 
mined by the direction of the light, whilst periodic mi 
are affected by changes in its intensity. On the other hand, 
apheliotropism implies that, a plant bends from the Light) I 
rare phenomenon, at least in a ^ell-marked degree. 
plants under the influence of diaheliotropism place thcmscKt- 
morc or less transversely to the direction whence the light 
proceeds, and are thus fully illuminated, Lastlj , - ■■ 
rise or sink or twist so as to avoid great intensity of light 
Such a phenomenon, Mr. Darwin suggests, should I 
paruheliotropic. All these movements consist of modified 
ei re utti nutation. Space forbids a detailed description of the* 
effects; but one curious result of Mr. Darwin's investiffStKBI 
is worth recording, and that is, the transmitted effect 
When, for example, the cotyledon of Phulark earuti 
exposed to light, the upper part bends first, and afterwards, 
the bending gradually extends to the base, and even a little 
below the ground. By protecting the whole upper half of t' 
cotyledon from light, the lower part, though fullj 
light, was orevented from becoming curved. Hence it. is 
I to the eourtos_v of Mr. Darwin for the lot 
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Concluded that when seedl in gB are freely exposed to a lateral 
light, some influence is transmitted from the upper to the 
|r HMir part, eausing the latter to bend. 

Flowers. — There are many instances of the various parts of 
flowers moving under the influence of stimuli; but the imme- 
diate causes in the different eases have not been so thoroughly 
b*estjguted as by Mr. Darwin in the case of the vege- 
tative organs, and at present, therefore, but little can be said 
beyond the fact that they do move. Thus, commencing with 
bracts, it may easily be seen how the erect bracts of the 
involucre of the dandelion become reflexed as soon as the fruit 
is ripened, thus allowing the parachute- like achenes to escape 
easily. Moving corollas are very numerous. A large series of 
plant- might be mentioned of which the corollas close up, either 
as soon us the sun is obscured, as Mrsembryanthemum, AnagalfiH 
''nimilnthtx, &c., or else at evening, such as manv 
PBBpoaibB, including the Daisy and Dandelion, re-expanding 
on tlie return of light. Conversely, some night-flowering 
plants unfurl their petals only at night, coiling them up by 
day. As an illustration Silene nutans may be taken, concern- 
ing which Dr. Kcrner tells ua * that a flower lasts three days 
and ihrce nights ; with the approach of dusk the bifid limbs of 
the petals spread out with a flat surface, and fall back upon the 
calyx. In this position they remain through the night ; curl- 
ing themselves up into an incurved spire and becoming 
longitudinally creased at the same time, on the return of 
sunlight and a warm temperature. No sooner docs evening 
return, than the wrinkles disappear, the petals become smooth, 
uncurl themselves, and falling back against the calyx, the 
corolla is again expanded (PL V. figs. 17, 18). 

In the Pea family, or LeguminossD, there are several 
instances of the corolla having a power to move when irritated. 
Thus in the genera Genista and Indigo, the claws of the petals 
act like springs kept in a state of tension ; for when the corolla 
is touched, as bv an insect in search of honey, the claws sud- 
denly curl downwards, and the petals consequently drop 
vertically, while the stamens, previously concealed within the 
keel petals, are violently thrown upwards, showering the bee 
with pollen. t 

The movement of stamens is perhaps more curious, and 
apparently intimately connected with the phenomenon of insect 
fertilization. As an example of slow movement, Panama 
palwitrin may be mentioned. In this flower, each stamen in 
UBOMBum rises up, places the anther on the stigma, and having 
shed its pollen, retires and falls back upon the petals. Each 
* l":rrer> and (Mr Unbidden Ouee/i,p. 132. 
t Jonrn. of Linn. Soc. vol. ix. p. 366, and vol. x, p. 468. 
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stamen occupies about twenty-four hour* iu rising up and 
discharging its pollen, ami takes about tie wimo time In 
recede, the whole period being eight days, but varying accord* 
ing to circumstances of temperature, moist un 

Berbers furnishes an instance of rapid motion Eo 
stamens be touched at the base of the filament, they 
spring forward and strike the stigma, having previously lain 
mi tin' surface of the spreading petals. The effects of UW 
irritation on the filament of Herberts has ■been obsei 
described by M. E. Heckel.-f- It appears thai the cells of tat 
irritable cart are arranged in a parallel manner (thi 
the filament, being insensible). Their contents an ■ 
disseminated throughout the cavity. After irritation, thfl 
undergo aggregation and contract into the centre of the cdi, 
and the cell- wall is striated transversely. The cells of the back 
of the filament are contracted in repose, but extended in 
irritation. 

The stamens of the common Lucerne, Mrt/icaijo xutira, m 
also of other species of that genus, suddenly curve upwards 
and remain rigidly fixed in an arched condition, having ban 
previously horizontal.* 

Mr. Darwin has described numerous instances in the family 

Orchidflcffie, in which the pollim'a, as of the oonunon 0wta 

musculo and others, or of Caitiff i<m, &c„ have remarkuM* 1 
powers of movement; in the former cases slow, but in lb 
latter, rapid. In every case there is discernible some Bpeojal 
adaptation to the fertilization of the (lowers by insect uid.jj 

Sttflidium affords another illustration of rapid motion. In 
this flower the stamens and style arc consolidated 
column, which is curiously bent and hangs over one side tt 
the flower. If it be touched near the base, it instantly flit- 
over to the other side. A very similar motion occurs m taw 
pistil of Maranitt. 

Some flowers have the stamens in a certain position 
expanding, but thoy take tip unol ibscquenti] 

This I found to be' the case with A/imm Planhigo. 
expanding, the stamens spread out. their an the I 
extrorse, hut afterwards they curl baikuuid* nvir l! 
thereby in all probability ejecting self-fertilizat . 
several flowers or different species, the fihun. 
the anthers have shed the pollen or fallen off, us in th 
scented and oak-leafed Petnrgtiniumx, and in Tcticrium ■'■ 
or wood-sage. In both of these, the anthers matun 

* Buttri Britiih Flora, vnl. i. (TO), 
^t Hull. Soa. Rot. Fr., 1-74. v..l. «B, p. SO 
■■/' Linn, S,.r. ml. n. p. '.I'JT, 
* FeritHsatifm of Ortnudt, 
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i the stigmas, und assume a position adapted to insects to 
x>rt their pollen. Subsequently the filaments bend away. 
styles now take up the same position that the filaments 
previously held (PI. V. figs. 19-22). 

Space will not allow further descriptions; but enough hue 

been said to show how extensive and varied are the 

toveraents effected by the different organs of plants, and the 

nivuntages accruing to them by possessing such powers of 



EXPLANATION OF PLATE V. 

Fig*. 1, 2, 8-10, after flwf * 
Fig: 4-7, 19-22, ad not. 
Figs. 17, 18, after Kenur. 






. 1 and 2. Zea ma'ji ; rmiic-lf^ excited tn bend away from little squares 

of card altiidinl in uiie t.iiJ< j uf llnir lip j. In fin;. 2, tbe card has 

been rubbed off. 
fa 3. A radish, of which the radicle hud tied itself info a knot, probably 

in the mine manner as in tbe case described and figured by 

Mr. Darwin, by tbe apex continually moving away from some 

obstruction, until it bud passed through tbe loop, us seen in 

fig. 2. Keduced one-half. 
■*la. 4. Pendulous liend of florets of Trifu/ium suliterraarum; tbe fertile 

flowers retie.xed, tbe abortive still erect, forming s vertical tone. 
Fig. 5. The same, with abortive florets, now developed and becoming 

reflexed. 
Via. fl. A barren floret, enlarged. It consists of tbe rigid ' calyi-tube,' 

supporting claw-like sepal lnbes. 
Ti'.. 7 Multio-llidur hairs from the calyx, which exhibit aggregation under 

the process of absorption of nitrogenous matters. FigB. 4-7 

enlarged. 
Flo. 8. Leaf of AcrrrAoa Lilimhi, asleep, with its leaflets pendulous ; mucb 

reduced. 
FlG. fl. Leaf of Lu/iinut jiilnnig seen vertically from above, by day. 
Fie. 10. Leaf of the same seen laterally, at nipbt. Figs. i) and 10 reduced. 
Fio. 1 1. Leaf of Mriii'ittif •jlviiiitlif, liming daytime. 
Fio. 12. Leaf uf the same, asleep. 
Fio. 18. I>eaf of same, asleep, seen vertically from above. Figs. 11-18 

Flo. 14. Leaf of Trif<4ium repem, during the day. 
Fin, IS. Leaf of same, asleep, at night. 

" "I. Leaf of CoruiiiUit rrnta, a-W[i, with its leaflets thrown upward; 
Fio. 17. Flower of tf&ene nutans, by night, the petals unrolled. 
— t. ItS. Tbe same, by day, the petals being rolled up. 






THE CENTENARY OF THE DISCOVERT OF 

URANUS. 

By W. F. DENNING, F.R.A.S. 



TirE year 1781 was signalized by an astronomical discovery 
of great importance, and one which marked the epoch as 
memorable in the annals of science. A musician at Bath, 
William Herschel by name, who had been constructing some 
"xi.rlli ■lit telescopes, and making u systematic survey of the 
heavens, observed an object on the night of March 13 of that 
year, which ultimately proved to be a large planet revolving 
in an orbit exterior to that of Saturn. The discovery was 
j-- ui]!(|iti' ;ti it was significant. Only five planets, in addition 
to the Earth, had hitherto been known ; they were observed by 
the ancient*, and by each succeeding generation ; but now a 
new light, burst upon men. The genius of Ilerschel had singled 
out from the host of stars which bis telescope revealed, an 
object, the true character of which had evaded human 
perception for thousands of years! 

The centenary of this remarkable advance in knowledge 
natural Iv recalls to mind the circumstances of the discovery, and 
makes us inquisitive to know what new facts have been gleaned 
of Herst-hel's planet now that a hundred years have passed away 
»nd we are enabled to look back and review the vast amount of 
labour which has been accomplished in this wide and attractive, 
field of astronomical research. We may learn what new fea- 
tures have been discerned of the new body, and what additional 
discoveries in connexion with other planets, unknown in 
Haveners day, have been effected by aid of the powerful tele- 
scopes which have been devoted to the work. We do not, how 
ev er, intend dealing with the general question of planetary 
diwxivery, for at a glance we are impressed with its magnitude. 
"bale a century ago five planets only were known, we now 
have some 2-H) of these bodies, aud the stream of discovery 
Hows on without abatement through each succeeding y 
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The detection of Uranus seems, i f i ■ l ■ ■ ■■ 1. la navi been the pre- 
lude to many similar discoveries, and to havi 
tivc to greater diligence and energy on the pari of ob 
rariotu parU of the world. 

Many great discoveries have resulted from 
the leading facts attending that of ['mint* provi 
largo measure the result was brought about U 
Herschel, as he unwearyingly swept the heavens i 
night, was in quest of sidereal wonders — w 
and nebula;, and he happened to alight up 
in u purely chance way. lie had no ■ 
a remarkable object, and indeed, when he had found it. 
mistook its character. There could he no doi 
body wholly dissimilar to the fixed stars, and it \ 
certain that it could not be a nebula, li I 
disc, for when it had first come under the critical OJfq • 
discoverer he had noticed immediately that 
differed widely from the multitude of obje> 
the field of his telescope. He had been nccu 
of stars pass in review, and their aspect wa 
similar, namely, they Here invariably presented n 
light- incapable •■( being -in-.il.ly magnified, evi , 
highesl powers. True there w;i 
brightness in these objects, and a singular ■■ 
figuration, but there was no exception lo the i 
referred to. The point of light was constant, utld im q 
exception was anticipated until one night — March Hi, 
Herschel being intently engaged in the examination of i 
small stars in the region el' (imiini, brought 
the range of his telescope, which his eye at onoo select* 
one of auomalous character. Applying a higher paw 
noticed thai it exhibited a planetary ili-e, bul 
failed to defino it with sufficient distinct in 
became doubtful as to its leal nature. The object w . 
be in motion, and subsequent observiif im 
assumption that it must be a comet of rat In 
This appeared to be the best explanation of th 
for history contained many records of curious 
which were observed as nearly circular pa 
light, and probably of similar aspect to the ■ : '' 
and apart from this, it must he remembered that 111 
large planet exterior to 8a fun was a 1'ael ol 

import, thai Ilerschcl, with ;i due regard to that I 

accompanies true genius, refrained from attaching such I 
pretation to hi- ol nervations. He was coir, 
notice of astronomers to it. as a phenomenoi 
ultvutioa, :!inl suggested vnaV \t \a\g\iV be 
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of its motion aud the faint, and somewhat ill-defined 
_r of its appearance. 
>m the earliest ages five planets only were known, and 




jKMvery oi another large planet beyond the sphere of 
must at once revolutionize existing ideas as to the range 
solar system, and immediately take rank as a scientific 

of equal interest to the discovery oi tVc moons (A JwjaUt 
ami**, vol. v. — no. xix. v ^^^ 
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or tbe tings of Saturn, which each In their day impressed 
with new ideas of (lie celestial mechanism. But tbe truth 
could not long be delayed. The new body being 
and its orbit rigorously computed from a series of observed. 
positions, revealed its (rue character, and Herschel was awarded 
the honour due to the author of a discovery of such importance, 
Jli.s diligence and pertinacity alone had enabled him to <*arcn 
out from amongst the multitude of .stars thickly sin ■■■. ■ 
firmament, this unknown and well-nigh invisible plan 
during all the preceding years of the world's history had eluded 
human perception. Men had been all unconscious of its exist- 
ence, as it had been slowly completing its circuits around the 
Sun, obedient to the same laws as the other planets of the *l»r 
system, and awaiting the hour when the unfailing 
Tlcrsehe! should introduce it as the faint and far-oil' pi. 
girding our system within its expansive folds. 

As soon us the existence of the new orb was eonfij 
the fact rendered indisputable, the question Datura 
whether it had ever been seen in former years by thi 
of star-catalogues, who could hardly have overlooked an object 
like this, though its planetary nature had manifest!} 
detection. It was just perceptible to the naked eye, 
like a star of the sixth magnitude, and ought to have been di-- 
tinguished by those who had reviewed the hcavt-ns with tbe 
purpose of determining and mapping the positions of the star* 
Reference was therefore made to the chief catalogues, when it 
was found at once that the planet had been unqui 
observed by Tobias Mayer, LcMonnirr, Bradley, and Fhuntten 
It was several times noted by these observers: by Le aton&i&r DO 
less than twelve times, and by Flamsteed on six occasio 
it is remarkable that in every instance its true character escaped 
detection. Neither its special appearance nor its motion attracted 
attention, so that it was merely catalogued as an ordinary fixed 
star. Thus Herschel was not. anticipated in his discovery. It 
remained for him, in 1781, to note ils exceptional aspect, and to 

rify it as an object requiring critical investigation. But 
early observations above alluded to served a useful purpose 
in testing the accuracy of the computed orbit, for without waiting 
manj' years to compare the theoretical aud observed positions, 
astronomers had, in these old records, a reliable series of point", 
through which the previous course of the planet could bo traced. 
The calculations showed that its mean distance from the 
sun was some [,760,000,000 miles, and that a revolution was 
completed in about eighty-four years. It was also found to lie 
a very large planet, greatly exceeding either Mrrnin/, Vrntu, 
the Earth, or Mars, though considerably inferior to Bftibsl 
Jupiter or 'Sti/ttni. 
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Here, then, was a discovery of the utmost importance", and 
'■in of the must salient additions to our knowledge which the 
telescope had ever achieved. The new planet was now definitely 
• proper plan' in the solar system, and was regarded 
a-, of equal significance with the old planets. True, the new 
planet oi Hcrscbel coidd not be compared as regards its visible 
foeot with the other previously known memhers of our system, 
hut it was nevertheless an object of equal weight. Its vast 
alone rendered it faint. It. formed one of the oonsti- 
taent. parts of the solar system, which, though separated bv 
imincii-" tutorials of -pure, are yet coherent by the far-reaeliing 
gravitation. There is, indeed, a bond of harmony be- 
MMMUi the scries of planetary orbits, which exhibit a marked 
ilegroe dt' regularity in their successive distances from the Sun; 
BM though they are not connected bv any visible links, they 
lire firmly held together by unseen influences, and their motions 
(H* subject to certain laws which have been revealed by centuries 
of observation. 

The question oi suitably naming the new planet soon cume 

to the fore, llcrschcl himself proposed to designate it the 

Sr/>ts, in honour of his patron, George III., just as 

Galileo had called the satellites of Jupiter the Jfritirriiu stars, 

nftcr Cosmo do Medici. But La Place proposed that the planet 

tihoidd be named after its discoverer ; and thus it was frequently 
to as Hcrscftrf, and sometimes as 'the Ilerscheliun 
planet.' Astronomers on the Continent objected to this 
-v.-ii -to of personal nomenclature, and argued that the new 
ii]<l receive an appellative in accordance with those 
adopted for the old planets, which had been selected from the 
heathen mythology. Several names were suggested us suitablo 
(on the basis of this principle), and ultimately the one advanced 
by Bode received the most favour, and the planet, thereafter was 
called Until it*. 

The varying positions of the new body as observed on suc- 
cessive nights, were determined by comparisons with a group of 
«x small stars, termed by Herschol a, ft, y, S, i, X,, and afterwards 
formed into a constellation under the designation of ' Britannia' 
though it does not appear that this little a-tori.-ni is acknow- 
ledged as one of our constellations. Its position is about mid- 
way between Taurus and Grmitu, and the following arc the 
principal stars computed for 1881*0, as given by Mr. Marth: — 
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The stars are therefore merely telescopic and are confined b> 
a mull area of space, so that t be propriety of adopting the graaa 
as a distinct constellation is very questionable Their posibau, 
close to I'ranut at the time of it* discovery, and the fact that 
the planet's motion was detected by means of comparisons vith 
them, has given to these stars an historical inters 
future years mast often attract the student to their re-obsem- 
tion. But it would be unwise, as forming a bad precedent, ta 
accept a group of stars of this inferior type as meriting to ml 
amongst the old constellations, when we hare numb- 
groups, situated on their confines, which first deserve xueki 
distinction. However special or unique the circm 
nected with certain telescopic stars may be, and however oecev 
sary it may appear to signalize them by a specific title, we 
inclined to question the adoption of such means as likely In 
exercise a wrong influence, inasmuch as it nany 
originate further innovations of a similar character, and ulti- 
mate complications will be certain to I 

Soon after the discovery 
the planet was encircled, like Saturn, by a luminous ring, but tin 
subsequent observation thi-< was not confirmed; :■■■■. 
appendage has ever been revealed in the more perf.. : 
ments of our own times. Indeed, if Urama displays a peculi- 
arity of constitution in any way analogous to the ring-system 
of .Saturn, it must be of the most minute character so as ' 
have thus evaded telescopic .scrutiny during a hnnilr. > 

The discovery soon attracted the notice of royal 
the reigning sovereign, Georgo III., anxious ta p 
express his appreciation of the valuable labours of Ili-rseht'l, 
awarded him a pension of 200/. u-year and furnished him with 
a residence at Slough, near Windsor, and the means to erect 

figantic telescope with which he might bo enabled bo 
is important researches. This instrument consisted of a re- 
flector on the ' Front- view ' construction, with a speculum 4 feet 
in diameter and of 40 feet focal length. Upon its completion, 
Herschel immediately began to observe the region " 
planet with the idea of discovering any satellites « i 
belong to it, for analogy suggested that it was gurroui 
numerous retinue of such bodies. He was soon sucti- 
on the night of January 11, 1787, he saw two minur 
near the planet, which renewed observations revealed to be 
satellites; and he detected two additional ones in 1 
two others in 17!J4, making six in all. But the obsei 
were of extreme difficulty. The path of the planet in 

Eassetl near minute stars, and it became hard to di 
utween them Find the suspected satellites. Herschel, bowOTffi 
considered Ik 1 hud obtainA-d. wmclusrire svutauo 
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x satellites with sidereal periods runging from 5 J 21 h 25" to 
1 Hi 1 ' .'ill'", and his means of observation being much superior 
lose possessed by any of his contemporaries it was impossible 
are corroborative testimony. 

ITie matter was thus allowed to rest until the middle of the 
ent century, when Lasaell, in the pure sky at Malta, en- 
sured to re-observe the satellites with a 2-foot reflector. 
. instrument was considered superior to Hersehi l's telescope; 
the atmosphere at this station being decidedly more suit- 

for such delicate observations than in England, it was 
aved there for the express purpose of dealing successfully 
l objects of extreme difficulty. The results were very im- 
ant. Mr. Lassell became convinced that Uranus had only 
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satellites, and thut if any others existed they remained to be 
jvered. Two of these were found to he identical with those 

by Herschcl in 1787, and now called Tilania and Olrrou. 

other two, Ariel axiA Uittbrid, could not be identified with 

of those alleged to have been previously detected by 
sehel, so that the inference was that they were new bodies, 

that the priority of discovery was due to Mr. Lassell ; 
nee it also followed that the older observations were 
neous, and that in fact Ilerschel hud been entirely mis- 
n with regard to the four satellites be believed he bad 
sted subsequently to 1787. 

n November, 187^1, a fine 20-inch object-glass, by Alvan 
k, was mounted at the U. S. Naval QoservaXOTy at ^ vt^a- 
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iagtoo, and it was Boon employed q 

solving the problem us in the exact period* cd the Ui 

satellites. This was very satisfactorily • 11. ■ 

tincl ;im! conclusive favour In Mr. Lussell, ■ 

were fully corroborated. Only four natellil 

guiBhed by the American observers, and tin 

puled from a valuable series of measures, agreed 

previously derived ill Malta. In Appendix ! 

Ofincrmtioiit for 1X73, Prof. Ncweouih gave a valuable 

of results, — the- first obtained, l>e it uoted, with tbi 

instrument which noon afterwards, in 1877, revealed 

litest of Mars, which included the element 

Vraant us follows : — 



■ 
■ 



Speaking of the comparative brightness of the 
Prof. Newcomb says: — 'The greater proximity of I 
witellitce to the planet, makes il dimcull to com] 

photometrically with the outer ones, us actual feeblei 

cannot bo distinguished from difficulty of seeing aril 

the proximity of the planet. However, that Unt&ru 

cully fiiintor than Titanin is evinced by the 

the least distance of the In tier is somewhat less than '■'' 

distance of the former, there i.s never any difficulty in 

inthutpositii.il. From their relative ospecl 

tive positions, I judge Umbriel to be aboul half a ■ 

Titmxin. Ariel m\i$\ be brighter than Umbriel becaus 

never seen the latter unless it. was farther from the pli 

the former at its maximum distance I think I DM 

say with eonsiderable certainty that there is tat 1] 

2' of the plunet and outside of Obcron, having uiii 

brilliancy of the hi Iter; and therefore that none of Sir Willian 

Herschel's supposed outer satellites can have any real existcttf 

The distances of the four known satellites in< 

a way that it can hardly he supposed that any othi i 

twecn them, Of what may be inside of Ariel it isim] ■ 

speak with certainty, since in the state of utmosph 

prevails during our winter, all the satellites uai 

at 111" from the planet.' 

Prof, Newcomb mentions that no systematic 
satellites was undertaken because i' must have 
thi: fullness and ■ imo'inTOU-i w 
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>ld satellites, which constituted the main purpose of the observa- 
tions. Some faint objects were occasionally glimpsed near the 
planet, and their relative places dctermmud, but they were 
never found to accompany Uranus. The fact, therefore, that 
no additional satellites were discovered is not to be regarded as 
i\ strong jxiint in favour of the theory of their non-existence, 
heeiuiM' the great power Enid excellence of tbe telescope was 
expressly directed to the attainment of other ends ; and more- 
over the season in which tbe planet came ti> opposition was 
distinctly unfavourable for the prosecution of a rigorous nana 
for new satellites. There can, however, be no doubt that 
the analogies of the planetary systems interior to Urimv* 
plainly suggest that this planet is attended by several satel- 
lites which the power of our greatest telescopes has hitherto 
failed to reveal; and that it is in this direction, and that of 
tfkpftmt, we may anticipate further discoveries in future years 
when the conditions are more auspicious and the work is entered 
upon with special energy, aided by instruments of even greater 
(rapacity than those which have already so far conduced to our 
knowledge of the heavenly bodies. 

Notwithstanding the extreme difficulty with which the 
Urunian satellites are observed, the two brighter ones, Titauiti 
and Ql/tron, discovered by William Herseho] in \~^~, have 
Ixt'ii occasionally detected in telescopes of moderate power, and 
identified by means of an ephemeris which has shown that the 
eoiiipnti-d positions approximately agree with those observed. 
During the last few years Mr. Mini li lias published cphe- 
merides of the satellites of both Saturn and Uranus, and 
many amateurs have to acknowledge I lie valuable aid rendered 
by tin -i' tables, which supply a ready means of identifying the 
satellites, and thus act as an incentive to observers who uro 
indued to pursue such work for the sake of tbe interesting 
comparisons to be made afterwards. In one exceptional 
instance the two outer satellites of Uranus appear to have been 
glimpsed with an object-glass of only 4'^! inches aperture, and 
tile beta are given in detail in the Monthly Notices <\f the 
k. A 8., April 1876, pp. 29+-(i. The observations were mado 
in January, February, and March lK7(i, by Mr. .1. \V. Ward of 
I'.rihi-l ; and the positions of the satellites, as he estimated them 
on several nights, are compared with those computed, the two 
.,.(- presenting tolerably good agreement. Indeed the cor- 
roborations are such as to almost wholly negative any scepticism, 
though such extraordinary feats should always be received 
with caution. In this particular ease the chances of being 
misled are manifold; even Herschel himself fell into error in 
taking minute stars to be satellites and actually calculating 
their periods ; so that when we remember fefi IV&CliJaM.A.'w* 
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question our doubts are not altogether dispelled. 

' 1 individual instance 



acutcness of v 



i will, : 



of abnormal character, and certainly in Mr. Ward' 
remarkable accordances in the observed and cak'ulat. ■■: 
appear to be conclusive evidence that he was not mistaken. 

It will be readily inferred that the great distance, and cm- 
sequent feebleness, of Unauu must render any murk:. 
the due of the planet beyond the reach of our best tel 
and indeed this appears to have been a matter ot COBnMi 
experience. Though the surface has been often - 
traces of spots, we seldom find mention that any have ben 
distinguished. Consequently the period of rotation baa yol t< 
be determined. It is true that an approximate 
assigned by Mr. T. II. Buffham from observations with a 9-incb 
reflector in 1870 and 1872, but the materials on which the com- 
putation was based were slender and necessarily somewhat un- 
certain, so that his period of about twelve hours stand 
in need of confirmation. The bright spots and sow 
the disk in the years mentioned appear to have entirely anion 
other observers, though they are probably phenomena of per- 
manent character and within reach of instruments of moderate 
size. Mr. ltuffham * thus describes them : — 

'1870, Jan. 25, ll h to 12" in clear and tolerably :■■■ 
power 132 showed that the disk was not uniform. ^\ ; 
2ii2 and 320, two round bright spots were perceived, not quite 
crossing the centre but a little nearer to the eastern 
planet, the position angle of a line passing through their centres 
being about 20" and 200, — ellipticity of Uranua seemed obvious, 
the major iixis lying parallel to the line of the spots. 

'Jan. 27, 10*> to 10J 11 ; some fog, and definition not good, 
but the appearance of the spots was almost exactly the same 
on the 25th.' 

I>n March 10 glimpses were obtained of a light streak and 
two spots. On April 1, 4, (i, and 8, a luminous zone was seen 
on the disk, and in February and March, 1872, when observatuu 
were resumed, certain regions were noted brighter than other*, 
and underwent changes indicating the rotation of the 
a similar direction to that derived from the results obtained in 
1870. Mr. Ituffhaih points out that if this is admitted, then 
the plane of the planet's equator is not coincident with the 
plane of the orbits of the satellites. Nor need we bo surprised 
at this departure from the general rule, where such an anomalous 
inclination exist*. In singular confirmation of this is Mr. Loa- 
sell's observation of 1802, Jan. 29, where he says, " I received 
an impression winch I am unable to render certain of an equa- 
1 dark belt, and of an ellipticity of form." ' 

■ Atarfty yotuu EL A. 8.,Jwui»ai,iai4, 
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Some observations made in 1872-3 with the great six-foot 

lector of Lord Rosso, may here be briefly referred to. A 

raber of measures, both of position and distance, of l.tbcroa 

id Tttania, were made," and a few of Umbriel and Ariel, but 

"the shortness of the time available (40 minutes) each night 

for the observation of the planet with the six-foot instrument, 

atmospheric disturbance, so often a source of annoyance in 

ig so large an aperture, and other unfavourable circura- 
dwimi, tended (o affect the value of the observations, and to 
moke the two inner satellites rarely within detection.' On 
Feb. 10, 1872, Lord Rosse notes that all four satellites were 
on the same wide of the planet. On Jan. 16, 1873, when 
definition was good, no traces of any markings were seen. 
Diameter of Urunim = 0" - 29. Power 414 was usually employed, 
at times the inner satellites could be more satisfactorily 

i with 625. 

It may be mentioned, as an interesting point, that some fifty 
years after the first discovery of Uranus by Ilerschel, it was 
accidentally re -discovered by his son. Sir John Hersehel, who 
recognized it by its disk, and had no idea us to the identity of 
the object, until an ephemeris was referred to. Sir John men- 
tions the fact as follows, in a letter to Admiral Smyth, written 
in 1830, August 8 : 'I have just completed two 20-)'eet 
pefieetors, and have got some interesting observations of the 
satellites of Uranus. The first sweep I tmide with my new 
mirror I rr-(/Uroirrcd flu's planet by its r/i/sk, having blundered 
Upon it by the merest accident for V.) Capricorni.' 

In commenting upon the centenary of an important scien- 
tific discovery we are naturally attracted to inquire what progress 
has been made in the same field during the comparatively short 
interval of one hundred years which has elapsed since it occurred. 
We have called it a short interval because it cannot be considered 
otherwise from an astronomical or geological point of view, 
though, as far as human life is concerned, it can only be regarded 
as a very lengthy period, including several generations within 
its limits. Since Ilerschel in 1781 discovered Uranus, Astronomy 
has progressed with great, rapidity, so that it would be impos- 
sible to enumerate in a brief memoir the many additional dis- 
wbich have rcsidtcd from assiduous observation. A 
century ago only five planets were known (excluding the 
Earth), now we are acquainted with about 230 of these bodies; 
and one of these, found in 1840, is a large planet, whose orbit 
lios exterior to that of Uranus. In fact, the state of astro- 
nomical knowledge a century ago has undergone wonderful 
changes. It has been rendered far more complete and compre- 
hensive by the diligence of its adherents and by the unweary- 
* M<mM</ XMeei It. A. &, M*wfc,\S16. 
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■■. with which lioth in theory and practice it hma bsen 

Sunmed. A zone of small planets baa been dncovtred brfwrn 
[tii-i ;nirl Jupiter ji i I be plant-tan ai- 

tancea indicated the probable existence of a Urge placet. The far- 
off Neptunt wu revealed in IMC by a proc e ss of analytical wt- 
Boning, as unique us it was triumphant, und which proved henr 
well i In' theory of planetary perturbations was understand. The 
planet was discovered by calculation; it- position in :■ 
assigned, and the telescope was then etnployi 
instrument of il- detection. The number hi 
century ago numbered only ten has now reached twenty; and 
the discovery in 1877 of two moons aceompe 
that the work is being continued with marl 
other deportments wo also find similar evidence 01 ■ 
know li dgc. 'I'ti'- pi.'i-ioilii'ity ni thu Sun-spol 

■ of binary stars, meteor showers and their ;:'<'<■ 

.- .in rv orbits, may 1 m meat i-ncd as aiming the more important, 

while it host of new comets, chiefly teleseopie, ban been de- 

tected. Large numbers of nebula? and double stars have been 

catalogued, and we have evidence every year of thi 

with which these Beveral branches are being followed op, In 

fine, it matters little to what particular department <>t' nabo* 

nomieal invi ^ligation we look for traces of advancemi i 

the past hundred years, for it is evident throughout them all, 

and sufficiently proves that the interest formerly taken in the 

science has not. only been well sustained, bul I 

general and popular, und is extending its attractive Fi 

all classes of the community. In Herschel's day, [i 

scopes were rare. A man devoting himself to the study of tin- 

heavenly bodies as a means of intellectual v ■ 

sidered a phenomenon and. indeed, thai appellation 

fittingly applied to the few isnhitid individuals win. r. 

pied themselves in such work. How different is the cose DO* 

thai the pleasant ways of science hare called so many to her side, 

and sn far perfected her meant of research as to n i 

aoci ■ ible to nil who cure to »ee and investigate for themseLves 

llie unique und wonderful truths so easily within reach 

telescopes have become ctiunnmi enough, and tliere is no luck 

of hands und eyes to utilize them, nor of understanding, ever 

ready to appreciate, in sincerity und humbleness, tluise olijcct- 

whirli display in nu eminent degree the all-wise emu ■ 

u gi' t 'ni ('natiii' ' It is, therefore, u most gratifying 

uoticc this rapid development of Astronomy, and to - 

veai' tin- increasing number of its advocates, und the record ol 

many new faeta gleaned h\ \ l-unnts observation, 

ino character of recent discoveries distinctly intitni 
in future years Borne dopttrViivmU trf Om miaau * 



thi: ( kvii:n\ry op the discovery of CBAXC9. L'li> 

■y complicated, owing to the necessity of dealing with a large 
number of minute bodies ; for the tendency of modem re- 
searches bus been to reveal objects which by their fuinincss had 
hitherto eluded detection. And when we consider that these 
bodies are rapidly increasing year by year, the idea is obviously 
mffgested that, inasmuch as their numbers are compmaiivcly 
illimitable, and there is likely to be no immediate abatement in 
the enthusiasm of observers, difficulties will arise in identi- 
fying them apart; and forming them into catalogues with their 
orbital elements attached, so that the individual members may 
be redeteetod at any time. In this connexion we allude parti- 
cularly to minor planets, to telescopic comets, and to meteoric 
streams, which severally form a very numerous group of bodies 
of which the known members are accumulating to a greiit 
extent. As complications arise, some remedies must be applied 
to their solution; and one probable effect will be that astro- 
nomers will be induced each one to have a speciality or branch 
to which his energies are mainly directed. The science will 
become so wide in its application and so intricate in its details, 
that it will become more than ever necessary for observers to 
select or single nut definite lines of investigation and pursue 
them closely ; for success is far luoru likely to attend such 
exertions than those which are not devoted to any special end 
hut employed rather in a general survey of phenomena. "We 
have already before us some excellent instances in which 
individual energies have been aptly utilised in the prosecution 
of original work in some specific branch of astronomy, and we 
are strongly disposed to recommend such exclusive labours to 
those who have the means and the desire to achieve something 
useful. Observers who find one subject monotonous and then 
take up another for the sake of variation, are not likely to get 
far advanced in either. In the ease of amateurs who use a 
tele-scope merely for amusement, and indiscriminately apply it 
to nearly every conspicuous object in the firmament, without 
any particular purpose other than to satisfy their curiosity, the 
matter is somewhat different, and mir remarks are not applicable 
to them. We refer more pointedly to (horn who have a regard 
for the interests of the science and whose enthusiasm enables 
them to work habitually and with some pertinacity. 

History tells uh that the Great Alexander wept when he 
d ho had no other worlds to conquer, and we fear that some 
moniers will lament that they have little prospect of dis- 
covering anything fresh in a sphere to which our giant tele- 
scopes have been so often directed, but this is founded on a 
palpable misconception. Certain objects, such as comets for 
example, do not require great power, and the revelation of uev 
tcor-whowers u entirely a question fol \\ie_ \mVsi. e^ 
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fact, it may be confidently asserted that observations under- 
taken with energy and persistency will, if rightly directed, 
more than compensate for defects of instrumental power. It is 
true, however, that in certain quarters we must look to large 
instruments alone for new discoveries. It would be useless 
searching for an ultra-Neptunian planet, or for additional satel- 
lites to Uranus or Neptune, or for the materials to determine 
the rotation periods of these planets, with a small telescope. 
Every observer will find objects suited to the capacity of bis 
instrument, and he may not only employ it usefully, but pos- 
sibly make a discovery of nearly equal import with that which 
rendered the name of Herschel famous a century ago. 
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THE EYE-LIKE SPOTS IN FISHES. 

By Phofessob F. JEFFREY BELL, M.A. 

[Plate VI.] 



WE are bo naturally inclined to take ourselves as the norm 
or Btnndard iu animal organisation, that we ure almost 
too easily astounded by any difference in the arrangement of 
parts or organs which are found in ourselves. With none, 
perhaps, is this more the case than with the eye ; we are so 
accustomed to associate a pair of eyes with every living creature, 
that blindness on the one hand, or a number of eyes on the 
other, excites more astonishment than the reduction or multi- 
plication of uuy other part. A child in spectacles is the object 
of a not always respectful pity ; and the poet to heighten tho 
horror of his Cyclops makes him one-eyed. 

1 Itigens, ijiiod tcrvJ anluiu sub fronte lateb&t ;'* 

And Milton has put much the same feeling into words whi 
ho makes Samson say, — 

t' Why was this sight 
To such a tender bull as the eye confined, 
So obvious and so easy to be quenched ; 
And not, as feeling, through all partg diffused, 
That she mi^ht look at will through every pore P ' 
A survey, however, of the more important divisions of the 
imal kingdom, need not bo very elaborate to convince us that 
the arrangement of parts which obtains in the case of our own 
eyes, and. in broad outline, in that of all the other vertebratcd 
animals, is by no means similar to what wo find in the Octopus, 
the Crayfish, or tho marine Worm ; yet all these three represen- 



' With sharpened piint thnt eyeball pierce. 
Which 'neath his Vrow glared lunc and fierce.' 
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law*, and L i wii t simiLir ■ 

Simpler than these are t :_■ "•Ur-Bahes, a 

-imjili.-r those of the Ifxch and af the lawhV: 
which have, as it seems, nothing- more than i 
fcpotti, the nervous supply of which has still to b 

But the diversity does not end here: the l^ecch has ten 
' eye*.' Some of the marine Worms that live in tabes have a 
nnmlier of eye* on the delicate respiratory n'laments which pro- 
ject from their anterior end : some have eyes at the hinder «id 

body ; and Polyophthalinut is a veritable Argus, for|in 
addition to tne eyes in its head there i» a pair on ev 
of the body. 

Where so much variation is seen it is only natural 
that external condition* will he found to h 
nijli- influence. We all know that the Earth-worm is without 
; .'! to the various known examples of the red 

in such burrowing animals aa the mole, and the com- 
plete blindness of some that live in caves, such as •■ 

hli/optta) of the Mammoth Cave of Kentucky 
umphibian Protetw of the caves of Carniolia, there hi 
been added two blind snails from the just-named 
grotto. 

The great increase in our knowledge of animals which has 
resulted and is resulting from the deep-* 
have been carried on with such activity during the lasl few 

very strikingly shown in the case of the i 
night. In one of the earliest of these — that of the I 
— a crustacean (Ethwm gi-anulata), was dig 
various depths; specimens taken in f-hullow water were found to 
have eyes of the usual character; those which were brought op 
from depths varying between 110 and 370 fathoms hrnl llm 
ordinary eye-stalks, but the place of the eye was taken by I 
calcareous knob ; the condition was one to which the words of 
Mr. Darwin may well be applied, 'The stand for the 
is there, though the telescope with its glasses bs 
Specimens of the same species taken from sti 
(from 600-70(1 fathoms) exhibited a still more remarkable 
change: the eye-stalk was found to have 1" 
ractcr, and to nave been converted into a pointed rostrum. B 
again u number of new blind Crastaceu have bi 
described by M. Milne-Edwards from the Gulf of Mexico. 
Did the matter end here it would be easy enough 
the changes to the disu.se of the eye, owing 
■ i clrptU. £oitanBfc&3,Vn 
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wore spared too hasty a generalization, for from the same depths 
the dredge of the same ship brought up specimens of the genus 
Mimiiin, in which the eyes* were developed to a very great size. 
What is true of Crustaceans is true also of fishes, as the 
following quotation from Dr. Gunther will show better than 
any words of ours: 'The organ of sight is the first to be 
affected by a sojourn in deep water. Even in fishes which 
habitually live at a depth of only eighty fathoms, we find the 
eye of a proportionately larger size thiin in their representatives 
at the surface. In such fishes the eyes increase iu size with 
the depth inhabited by them, down to the depth of 200 fathoms, 
the large eyes being necessary to collect as many rays of light 
as possible. Beyond that depth small-eyed fishes as well as 
large-eyed oecur, the former having their want of vision eom- 
lenaated for by tentacular organs of touch, whilst, the latter 
lave no such accessory organs, and evidently see only by the 
aid of phosphorescence. In the greatest depths blind fishes occur 
with rudimentary eyes and without special organs of touch.'* 

Interesting as these eases are, and that the more because 
there -nil remains to be solved the interesting problem raised 
by two lines of development being followed by animals living 
under apparently exactly the sumo conditions, and starting from 
exactly the same point, the ordinary vertebrate or crustacean 
eye, we must turn from them to give an account of a struc- 
tural arrangement found in various fishes, which will be seen to 
be not distantly connected with the question of the phosphores- 
cent light of the deep-sea. Of one of these fishes the lamented 
WiUemoes-Suhm wrote home, ' Wie ein leucbtender Stern bing 
einer im Nets, ids er Naebts berauf kam.' 

Among the bony fishes I TW/w/f/]. and in that division which 
is distinguished by having the air-bladder communicating by 
an air-duct with tho anterior portion of the intestine (P/ii/xosfumi), 
mid especially among the members of the group which always, 
or generally, live at, great depths, there are sometimes found- 
as for example in Scape/us or A&tronesthes — one or two rows of 
small rounded bodies, winch are chiefly distributed along the 
sides of the body, although sometimes, as in the latter of tho 
two just-named genera, they are also very well developed in 
frnnt of the propel eye. In Tpnopt, a form first collected by 
the officers of the ChnlkiKjrr exploring voyage, and which is 
placed by Dr. Giinther next to Sropelus, there ure indeed none 
q| these bodies; hut tho eye of this fish appears to have lest its 
fimetiun ami to have taken on that of u phosphorescent organ. 

To this may be ndded the case of Hie Decapod Crustacean, ffiUMWMM 
so named after the lata naturalist Willi'imn's-^iiliii]. of tlio Challenger 
Expedition); one ipedaa of this form was dredged in 1000 fathom*, and tin 
— : - dutingTiisJied by having mither eyes VOl e.je-«<X&a. 
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Although it is only quite lately that thi 
attracted any especial attention, their prowmce in Seapeht 
other forme was long ago noted by various observe; 
in the year 1839 that the Italian naturalist, Oocco, 
had his attention directed to them, and he published figures and 
descriptions of the forms which live in tin M ■ 
years later a number of the species which possess 1 
turcs were treated of in the twenty-second volume of that 
monument, of industry and research, in which Cuvier and Valen- 
ciennes systematized our knowledge of the group of fishes. 
But the work begun by the two, and earned on after Cuvier'* 
death as fur as the twenty- second volume, could not, even with 
its scope, deal in detail with all the parts of every fish: ami 
even had that been possible, the means of investigation whii'h 
were to hand would doubtless have been insufficient for a 
complete and correct understanding of the organ! 
these parts. Modern methods in histology were above all thing* 
necessary: even in the case of the human eye. we know that rauCB 
of what is now the common property of all student 
from the studies of Max. Schultzo in the middle years o! tin 1 
seventh decade of this century. Hewho will turn to the aitir-k 
on the eye which appears in Strieker's Handbook q? Mtttahg) 
will aeo how much haa been done since the year 185Q ; and we 
have only to compare the first edition of so easily act 
book as Prof. Huxley's Lessons in Elemtmfury P/iyxiotojfy (1866) 
with the second, which appeared two years later, to reoogSUB 
at once how all our exactor knowledge of these >■■ i 
nervous structures is duo to the improved methods of compara- 
tively recent times. 

Understanding, then, tbo real position of affairs, it will be 
easily seen that the investigation of the minute structure of 
these eye-like organs offered quite recently an altogether unex- 
plored field of research. With the exception of a short notice 
by Prof. Lcuckart in the year 1865, which led to the belief 
that the parts in question were accessory organs of. sight, 
nothing seems to have been published with regard to them t ll 
the year 1879, when Dr. M. Ussow, of the University of Si 
Petersburg, gave to the world an account of his researches 
These had been undertaken on twelve sp 
the seven genera, Axfruimthex, Shmias, Chauliodm 
Maurolkm, Gonosloiua and Arnyropottcus, all of which are 
small, and most of which live in the Mediterranean. He 
pointed out that the organs might In? arranged in two lens, 
ono of which he regarded as forming accessory eyes, and the 
other as special glandular organs, and he insisted 
that, though they are both arranged in j'ubI the same \ 
two sets are never found in the same fish. 



nil: i:\t:-].iki-; spots i 



Before proceeding an}' further with Dr. Ussow's views, it ia 

.ece.isury to state that early in the year 1880 Dr. Giiiithor guve 
i> the Linneun Society an account of these hodies, in which he 
^pressed his belief that these organs were producers and not 
eceivers of light; and in his introduction to the Stwty of 
'fchca, published last year, the ichthyologist just named speaks 
hus in the very last paragraph of his book: 'Many pelagic 
nd deep-sea fishes are provided with peculiar small round 
irgans of a mother-of-pearl colour, distributed in scries along 
he side of the body, especially along the abdomen. Some 
;oologists consider these organs as accessory eyes, others (and 
I appears to us with better reason) as luminous organs. Thev 
loiUTVe an accurate microscopic examination made on fresh 
pecimens; and their function should be ascertained from 
ibaervation of the living fishes, especially also with regard to 
h< question, whether or not the luminosity (if such be their 
iiiietimi) is subject to the will of the fish.' 

One of the required conditions has already been fulfilled, 
'ruf. Lcydig, of Bonn, has just published n small volume, illus- 
rated by ten octavo plates, in which he deals in great detail 
vith what he hus been able to observe in the spirit specimens 
if ten species, one of which belongs to a genus (Icht/ti/rifiimm) 
lot examined by Vaeow ; to this work we shall shortly return, 
■or the moment the prior studies of the Russian naturalist 
laim our attention. 

All, however, agree generally in their account of the arraiigc- 
nent of these spots ; ordinarily they extend from the pectoral 
ins to the tail, and, according to Ussow, they are covered by 
*ales; sometimes they are found in front of the eye (H. VI. 
ig. 2), on the bran chioste gal rays, and on some of the adjoining 
>ones; but. these anterior spots never exhibit the same striking 
■egularity of arrangement as do those ou the abdomen. They 
try oonaiderably m the number present, but an average is 
ound to give the astonishing figure of something like three 
mndred, In Chaultodua Lcydig found some thousands of these 
IKtts. The most simple seem to be found in AttrotUttttt, a 
renus which did not come under Prof. Leydig'a examination ; 
. ■■ the form of a biconvex lens, which is strongly swollen 
nternally, and has on its outer surface a slight ridge. A layer 
if connective tissue invests the whole of the organ, and is 
■lothcd internally by a layer of brown pigment cells. At the 
ciiTiv of the outer surface there is a small circular orifice, 
rom which the deposit of pigment is absent. Just below this 
irifiee there is a lens, which is regarded by Dr. ETbbow aoeSBOtlj 
comparable to the crystalline lens of many invertebrate animals ; 
nid behind this, and between it and the base of the organ, 
hi i" i ;< space of some size which is tilled with a watery fluid 
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(" aqueous humour '). On I he inner wall of this chain 
i- ;i layer of hexagonal plates, transparent and um 
exhibiting a very regular concentric arrangement, 
tabling a protoplasmic mass which is longitudinal!) 
These plates arc looked upon by the author as represi a 
retina, and as the end-organs of nerve- libros. 

At, first sight there can be no doubt that the gi u< 
racters of an eye are very well represented, but Prof, 
os we shall shortly show, is able to give it very different expla- 
nation of the mil meaning of these structures. 

Let US, however, next lake the much mure couipliV i 
at Stomiaa (PL VI. tig. 1); here the ellipsoidaUy-shaped eyw 
are divisible into two unequal portions, the smaller of which n 
directed forwards, and is applied to the inner sn 
while the other lies among the superlicinl mn-cl..-; the two 
portions are separated Ity an extremely deli. 'ate paititi<>i 
nutcrior chamber is filled by an oval" and perfectly trai 
body ■/:, while tbe posterior contains a clear and gelatinous 
substance (#), just as in the preceding case of Asti 
the whole organ is invested hy a pigmented layer (/>), 
only feebly developed on the walls of the anterior chamber, ami 
seems to form, though here we must say we think the i>- 
semblance is pressed a little too far, a kind of u-ia-like dil- 
plnagm j/V. between i lie fore and liinder divisions of M ■ 
It is curious, indeed, that hexagonal transparent cells, apsA> 
rently made up of prismatic rods, should lie on the inner face 
of tlii- coloured layer, but we must own that they hat 
to ua to have the (list met retinal arrangement which is 
for tlieni. 

Chaulhdm is reported to have larger eye-like orgs 
the two gen em already examined; but it is not neci 
deal in detail with this ease, for it Appears to us the 
consideration of the account which is given of it land 
peculiarly difficult position. The arrangement of this 
is characterized by the presence of a so-called ciliai 
which is described as being comparable to what obtai i 
Cephalopoda. 

Here it is most necessary to he exact : arc tii ■ 
question to be compared to those of other Vertebrated animal*. 
or are they to he likened to those of thi 

The question is not an unimportant one. for the dil 
between the two is fundamental and most .■Imniet.'i 
more important indeed than are most of the distin,'. 
have been insisted on as ju-niym- tlial most an fort ui 
sion of the Animal Kingd< 

Vertebrata and [nvertebrata, whicb i a dis»*- 

etfeel on 1.1 irrei i inider.-t.imlii 



to one another of the more highly developed animal forms ; but 
which, we may say in passing;, owe.- its existence neither to the 
laws Uid down by Cuvier altera comprehensive survey of the 
adult, nor by Von Baer after a close study of the* characters of 
developing animals. 

To this distinction let its devote a little considrraiini,, 
11 lien wb compare a section of the eye of anv invertoln'ul.ed 
animal with that of one of the Vertebrate, wo rind, with uther 
subordinate differences, of which nothing need be here said, 
this most important and striking one; in the Vertebra t a I lie 

' rods arid cones,' which are the terminal organs of (1 ptia 

nerve, are placed quite at the back of the eye, are tamed away 
from the light, whereas in the invertebrate, the Crayfish, fti 
I sample, we find the anterior part of the end-organ just below 
the cornea, and as near to the light as possible; not turned 
away from it, but towards it. 

This important difference in the optic arrangements of the 
adult of the two groups finds, like many other difficult problems, 
it.s explanation in the history of the development of the two 
kinds of eyes. Both have their prime origin in that outermost 
layer of fbo embryo — the eptblaat — which is the veritable 
mother of all our sensations. In the invertebrate the only 
chancre which occurs is that the cells of ibis layer become 
modified and elongated ; In the vertebrate their histurv Is more 
i-"]Mj)li< -riled ; firstly, the layer of epibhist dips, in below the 
level of the bock of the body, to form the spinal cord and 
bruin ; this set of dipped-iu cells get out off from the exterior, 
and form a tube of epibhist within the body ; from the anterior 
region of this tube there proceeds an outward growth — the 
optic vesicle— which grows out towards that thickening of the 
Bpiblast which forms the cornea. Thus what wan originally 

Outside C as to he inside, and when it grows again to the 

snrt.nr. it does so with its constituent parte turned, as it were, 
inside out.* 

A reference to the subjoined diagrams (p. 2'28) will perhaps 

make this difficult point a little clearer. If we take » and r as 

representing respectively the layers of nerve-fibres and mollified 

reiinal cells, we have in fig. A a representation of what obtain* 

in the Invertebrate and in li of what is found in the adult 

ie ; t" and C will show the tube of epibhist, while in 

I be relation of the two layers in the developing optic 

and E shows their position after the 'optic cup' is 

Formed. 

Tin- bearing of these considerations is not unimportant j it 
leadi- us to ask what is really meant when the spots are spoken 

KWe owe the first distinct liternrv -Int. mrnt nf iliis birtory to Mr. Fi 
Bow, LL.D., F.K.S. (see his EtatmubraneA litl.et, p. LOO). 
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as ' eye-like organs ? ' Are they to be compared to those 
which are found in the head of the Fish, or are they only of 
the same simple origin as the eyes of the Invertebrata ? This 
question does not seem to have been fully treated of by Dr. 
Ussow. If they are only to be compared to those eyes or eye- 
like organs of which we have already spoken as existing in 
PolyophthalmuSy the question not unnaturally arises, may they 
not have some other function? may it not be that their re- 
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semblance, such as it is, to the ordinary eye, is only another 
illustration of that instructive and frequently recurring phe- 
nomenon that, under somewhat similar conditions, parts of 
animals, or, indeed, animals themselves, though of the most 
diverse origin, come to have very similar appearances in their 
adult condition ? The uninstructed naturalist finds it difficult 
to believe that the wing of a bird and of a bat are formed on 
totally different structural arrangements; some Crustacea look ,-j 
bivalves than. Cray&eSiea \ «i\Sl \)&fc T^Yuuta&k&& <mt- \ 
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skull, which distinguishes the 
appearance, in is African 



growth from the wiles of tlie i 
■-. is to be found, to i 
Mammal (the Rodent Lophiomyi), and a lowly Frog [Patobattt), 
i 'antral Europe. 

Before suggesting any definite answer to the questions 
ihus raised, we must nay a few words about the set of organs 
to winch Dr. Ussow does not ascribe any optic function, 
dtbough he regards them as really belonging to just the same 
jpgory, As seen in Scopehu, they have the form of a pear- 
•baped sac, the wide end of which lies in the tissues, while the 
narrower end projects a little above the surface; the latter, 
which is separated from the part below it by a kind of con- 
striction, contains spherical cells, while the lower portion is 
tilled with cells of a polyhedral form ; but there is no central 
cavity, and there is no kind of orifice. This kind of organ the 
■Other looks upon as a "land, and in the more complex case of 
Mainvlivux there is no doubt that in what he saw there, there 
is much to support liis view. The ' glands ' are elongated and 
Husk-shaped, surrounded for two-thirds of their length by a 
pigmented membrane ; on the inner face of this there is a 
lnver made up of white fibres, and presenting the appearance 
of a tapftum. Here, again, there is no duct to the gland. 

We come now to a species which has been examined both 
by Dr. Uuow and Prof. Ley dig — Argyropelecu* hemigymmti — 
and it woidd be interesting, had we space, to compare what 
these two naturalists have to nay about this form. This 
curious fish (PI. VI. fig. 2), which is here represented as twice 
its natural size, is found not uncommonly in the Mediterranean, 
and is remarkable for the great depth of the anterior portion 
of its body, and the wonderful way in which it narrows off 
quite suddenly in the region of the tail. In front of the eye 
there is one mot, and behind it there arc two, and six smaller 
OBea ate found on the gill-membrane, and six larger oues are 
Immd mi the throat ; by the gill-cleft we see four, the largest 
on the body, of which two lie in front and two behind the 
sbft At the side of the body, and close to the abdominal 
profile, there are twelve, which decrease in size from before 
backwards ; and above these there is a second row of six, all 
of which are of very much the same size. Between the ventral 
and anal fins there are again four, and behind the anal fin 
there are six others, of which the smallest are in the middle. 
Just in front of the tail-fin we find the last quartet of tin sc 
organs. This gives us fifty-three in all, and as they are paired, 
we find one hundred and six of these comparatively large spots 
on the body of this small fish. So much of our account is taken, 
as is also the illustrating figure, from the description given by 
Lcydhj', who would appear to agree so for m\k 1 GwKMt > ^ 
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gays that in this specie* there arc from one hundi 
hundred and ten of these spots; but they differ in the point 

covering wales, the presence of which is 

while Loydig failed to detect their presence. This, boiret 

is not a point of any great importance) and that thi 

we know that in the Sternoptychidae, the family to which El 

fish belongs, tile body is either naked or baa only very thin a 

deciduous scales. 

Into the further details, as given by either of the U 
tologists already named, it is impossible For us here 
the student who desires to know more of the 
characters will gaiti a quantity of information i: 
works.' 

If we proceed to sum up briefly the general structure 
these organs, we find th;it while Ussow speaks oi 
accessory eyes or us gland.-, Lcydig divides them ii 
groups; (I) eye-like organs, (2) mother-of-pearl-lik 
and (3) luminous organs; of these the second and third 
would seem tn be peculiar to the genua Seopdia. 

The first set are saccular in form and divisible into n bulb, 
neck, and an orifice, and this orifice is always directed do 
wurds. From what has been already said we know that ll 
have an investment of brown pigment, a layer with ■■ 
glitter, a grey inner body, and a surrounding lyrupha 
The in vestment i- derived from the general nitegiiui. ■ 
body, and the pigment granules arc continued in tin 
underlying connective tissue ; the metallic Uii 
descent plates, rods, or fibres. The grey inner body is divieii: 
into two portions, the hinder and larger of which fills the 
while the anterior and smaller occupies the narrower tl 
The striated appearance of tins part, reference to which 
already been made, is due, in Leydig's opinion, to the 
of a framework of connective tissue, which sends raj 
forms a network in it ; into tins grey part there further prorw 
a nerve, the fibres of which probably come into connexion «' 
til.' contained cells (see PI. VI. tig. 5). Usaow, 
looks upon these organs as having one of two fin ■ 
never both; Ley dig looks at the matter a little dil 
without affirming that they arc one or the other, h 
whatever they are in Cluiuliodus, to which form I'ssow ascrtta 
■ accessory eves,' that also must they be in Umioxhumi, where 
Russian naturalist finds ' gland-;' between the 
is, in hue, no essential dinennee. 

* Datow, M,, Uebrr tir» /•'<••' drr toj/manntn «i 

rini'ipr Kniflcn/M-Ae. Hull S,. t -., Miwi.nv. liv 1*7:) IV 7'i I" 
r £W, V., I'ir .wyiiiuhtthche On/inur 4u i'i.:/i- n 
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1*hc mother-of-pearl organs (PI. VI. tig. 4) are, as the figun 
*, appropriately named ; they have in all ruses an outer 
ti investment, a metallic layer, a gelatinous internal body 
- ■■ 1 of connective tissue ; they arc provided with nerves and 

Vfal'jod-vessrls and are surrounded by a lymphatic space. The 

plates Lire regarded by l"sso\v as special cells, but. 

T**eydig looks upon them us altogether similar to the minute 

•iridescent bodies found on the skin. The gelatinous portion is 

b up of delicate radiate cells, which give rise to a network, 

ion intermediate soli substance. No essential difference in 

ure is presented by the so-called luminous organs. 
If we look ut the bodies from the point of view suggested by 
. Leydig, it is impossible not to assent to bis conclusion 
■t, whatever they are, they ore not sensory in function. At 
I lie was inclined to regard them as belonging to that system 
t sensory parts which runs down either side of a fish's body, 
1 which is seen from without us a well-marked 'lateral line,' 
t this was a doctrine which a farther examination showed 
n to be utterly untenable. 

After these investigations, Levdig proceeds to sum up bis 
ujeetiims to the eye-like organs bring regarded as presenting 
ivibiiig truly characteristic of the animal eye; and it must be 
rawed that he makes some of his points with very great force 
deed. The examination of ChtiiilioiliiK alone might leave the 
investigator with a mind inclined towards the explanation given 
' f L'ssiiw, but u clearer view is gained by testing the doctrine by 
i investigation into the organ of Art/i/roju'/rritK ; here (fig. 3) 
ice that the ' retinal ' nerve-cells are connected with the in- 
nient formed by the layer of connective tissue ; that in fact 
ley are supporting rather than nervous fibres. So again, the 
l pigment at first calls to mind an optic organ, but this 
i pigment is more widely distributed through the- body of 
» fish, and especially is it developed in the 'frontal gland' 
"s of the brain, where also it leaves a central, clear, 
|)igmentei! spot. Nor is this all, — the pigment, us our figure 
's not laid down continuously, as it is in a choroid, but is 
jattered at various points. The lionn bistologist curries his 
nuTi-He-n criticism yet further; the so-culled 'lens,' which so 
<< :l\ baa ascribed to it the refractive function, does not lie in 
the centre but at the edge of the mass which does duty as the 
vitrmns body, and, in addition to its position, its histology pre- 
■nts u>. from regarding it as a lens. 
One ]xissibility remains; it may bo argued that the bodies 
stion are not, to be compared to the ordinary vertebrate 
t that they are nevertheless terminal sensory organs 
by light; but hire, unfortunately, we come upon 
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what is the greatest difficulty oi nil, the 'pupil.' 

and the ' vitreous In lily ' are mil turned am 

bllt 80 lung OS ihc (i.-ll is swhulnili; 

the deep; and in the case of Chavliodua are developed 
the membrane thai lines the cavity at the mouth. 

Af.er tliis piece of destructive criticism, il ■ 
Leydig lo make some suggestion as to what tl 

■i -mi besl bo compared with, lie is of opinion that they btu 

the closes! resemblance to the electric or 'pseud 
of other fishes, and ho brings many points to strengthen hil 
position. Before we come to any judgment on the m 
selves, it will be neeossury to recall to mind the gem 

turo of iili cli'cirii: uriraii. These, however much thej I11ST 

vary in details and in their position on the fish thai 

them, always present the following points, 

supplied with nerves thei are surrounded by h layei n 

connective tissue, \v 1 1 till gives rise to a utimbcf "l 
chambers tilled with u gelatinous subsiaure. In -neb a Corn) U 
the Electric Eel (it/i/nt'it'i*), \w liuil that mi (lie fact 

partition which looks backwards, there is a thin bom 

layer, which is apparently formed of mucous tissue, and on lh 

opposite face, or that which looks forwards, then 

thicker layer. The nerves passing to and breaking up in thi- 

plate, give rise to the electric organ. 

When tliis account i- compared wiib fin 
lias already been given of the mother-of-pearl organ, h 
once a very considerable resemblance; in both there is I ooDr 
taincd mass of gelatinous tissue, in both the same network oi 
connective tissue, and in both nerve-fibres of very much the 
same character. Nor is this all ; in some species, t.§„ 
Rmot, there is a spindle-shaped cord or plate, which 
of extremely delicate granules, and this the author is inclined 
to regard us comparable to the special rlcctrie plate , V» ith thi 
essential resemblances, the form is a point of very secondary 
importance; but oven with regard to it Prof. Iieydtg 
with an explanation. The rounded form of the mother-of- 
pearl organs is due to their position on the surface cd 
like the electric organs they would probably become nngulutcd, 
if they were massed together to form a single body, 

Whether they really have the power of developing 
city is a problem that cannot yet be Bolved ; but thi ■ 
bus been put, and it becomes the duty of such natui 
may have the opportunity to do their best to resell a it, 

Nor are we yet in a position to speak dogmatically 
their functions as illuminating organs ; no definite ph 
Bent organ has ever yet been examined which prea 
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<>tWr contents than fatty or oily mailer,* and the wises a 
i a which the part which is phosphorescent has not some other 
anil more: important function also ; where this is not t 

ii' of the phosphorescent insects — we find, and it is 
wry curious to note this, that the distinguished histulogist 
Knlliker of Wurzburg suggested, nearly a quarter of a century 
the luminous orpins arc essentially nervous and pre- 
■t'lit the nearest resemblance to the electrical or^'an- i>f ti-lics. 
Has point is not noticed bv Leydig, but it would be curious 
it' it should finally turn out that the organs he has been 
oewribing with such care, are intermediate between the 
other two sets. Even if nut phosphor e s c ent, it still remains 
possible that these creatures sod te the feeble light of gnat 
Mean-depths by reflecting the light that talis on these eve- 
haa organs, We all know how a cat's eye ' shines ' in the 
dirk, uml must ot" us, it is ti> be hoped, know that this is no 
■ iiJiii'. - ' ::■ i . liut that there is a thick hiver uf wavy 
fibrona tissue lining the inner face of the eye which reflects tlie 
light , reflecting it, by the way, not tor the purpose of illumi- 
nating the neighbourhood of a nocturnal beast of prey, but 
reflecting it for the purpose of as many rays as possible passing 
to the retina. In some of the fishes of which we have made 
mention, a somewhat similar tupctum has been found, and it is 
quite possible that that layer does act as a reflector in one of 
the worst illuminated regions of the habitable globe. 

For ourselves, we are inclined to think that, the relations of 
gana to those with electric properties in other fishes is the 
ISO nahle that has yet been advanced ; they may have a 
■oondary illuminating function of some kind, but it was not the 
) for this that first gave rise to their formation. If we 
ao a uin e the correctness of 1'rof. Ley dig's explanation, we have 
before us a very interesting example of the way in which 
■Beatific hypotheses become theories. An obvious external 
iv-i anblance to secondary eyes led the first naturalist who 
itadled them closely to look on them as accessor}' organs of 
sight ; a closer and more detailed investigation has shown that 
this resemblance is purely artificial, and an appeal is now made 
nut to u seeming likeness, hut to a more deep-seated similarity, - 
to one that depends not on the position of rounded fibrous bodies 
or to a peculiar arrangement of pigment ; but to one, in fine, that 
depends on community of structure, the first and best imple- 
ment in any investigation into living objects, and the one that, 
side by side with the history of development, is the only 

" fhi this pint the student is especially to be referred to the various 
pnnera of the Inte Prof. I'anceri, fur the phosphorescence of fishes, consult 
' J'ancrri ' in Zoot. Itreard for the year 1871. 



pj iwriffi tr» iriiich the judicious naturalist finds it wise or ex- 
mIkst xc appeal. 



mrLAXAHox of pulte vl 

* s*. . ^rawitndoal Mettan of eye of Statmim rnngwBifortms x 380, sho*- 
xnr O* inner vhmnv body \jr\ mud the anterior chamber with hi 
Tmngwown lev- t/ * : r, retina : «, nerve; p, pigmented layer; 
r • m^tin* ' ctiucrrirticBL (Taww, fig. 10, B.) 

5^. i Fsun iv ^f a nydnw a tw i jy w i w n x 2. (Lerdig, L 5.) 

iw. ;. ^apnadoHL *M3ion of axpan from abdominal region of ditto, 
anaraxawc nip&h . (Lerdig, it. 35.) 

3>*» « ?^Ti *i 1*1 mt«htt!wrf-j«mrl nrpan* from the aide of the body of 
a * mm* J3um**idt*. Men in reflected fight, slightly magnified. 

;^ ;. « tew twax Tib na*ft2 Topion of Ickthyocomts ormhu, longitudinal 
*vmj.«; nirtiH mapnined. chieflT to show the entrance of the 
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| ANY reader* of the Popular Science Retitte have doubth 
heard of the si range subsidences thut have appeared on 
e surface of Blui-lilifuili during the lust three years, and have 
o much attention from the suddenness of their 
ranee, ami the mystery surrounding their origin. For 
. it is mui'mlMTed that theise subsidences suddenly dis- 
i themselves in the midst of a gravel plateau, every foot 
ftho surface of which is liuble to he tested by cricket, golf 
and football players, sclu>olboys and holiday-makers, it is 
evident thut nowhere could they have been more unlooked for 
and alarming. 

Having been a member of ihe executive branch of the 
committee formed for the purpose of investigating one of these 
markable holes, and the exploration being now finished, 
[ 'in enabled to give some account of our labours and their 
rults. In addition, I shall review the evidence bearing on 
mbject, and point out what seems to me to be the most 
Mtble conclusion derivable from it. Perhaps the best plan 
1 be to begin with a sketch of the geology of the neigkbnur- 
ir understanding of which is absolutely necessary, 
eforc giving the details of our working". The arclueological 
videiiee need not be taken into consideration till the geological 
evidence has first l>cen fully weighed. 

The voyager from Ijondon to Woolwich cannot fail to 
notice the range of wooded heights on which Greenwich 
Oliservutory stands, which contrasts so much with the low 
ground bordering the Thames in other directions. This range 
is flat-topped, and is hounded on the east by the valley of the 
Darent, and on the west by thut of the Ravensbourne ; Black- 
heath occupies the promontory at its western end. At the base 
of this wooded range lies the Chalk, which is well exposed in 
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the neighbourhoods of Charlton and Lewisham, thou 
where, tor the most part, hidden from sight by tin 
faults <t surface deposits. Above the ' I 
escarpment, lies the Thanet Saudi then con 

■■■1. Lastly, the Oldhaveu «r lilaekheath pebble beds 
crown the plateau. Further inland, at nnd 
Hill, the London Clay exists in con^idenilile thlrki 
extends westward between Kidbrook and Eltham in 
synclinal fold. At Eltham, the surface i- ag 
the Woolwich niul Blackheath beds. The ncwe-t beds in thi? 
district immediately around lilaekheath are tl 
Shooter's Hill, which is said by Mr. Whitaker" to 
mediate in age between the Lower Bag-shot beds 
Boulder Clav. and the gravel and alluvium of the Thame* 
Valley. 

A glance :it the Geological Survey map, shows 
Blackheath pebble beda and the Woolwich beds crop out on 
the northern, western, and suiithcrn sides of lilaekheath. To 
these may perhaps be added the Thanet Sand, wbie] 
it is shown on the map only on the north and wi it, 
round the south-west corner, was seen hen and 
Mr Prestwieht at the bottom of the cutting between Black' 
heath station and tunnel ; and I wan informed bj Mr. 
statii'ii-iiKister at lilaekheath, that the station then; i- founded 
ou what can only be Thanet Sand. The dip of the various beds 
at Blackheotb is very slight in amount, nnd is southerly in 
direction, In Westcombe Park (east of Greenwich I'ark) and 
the adjacent railway cutting, they arc very well shown ui 
heights only \-> to 20 feet above their level in the cutting 
west of lilaekheath station, though the distil nee, 
along a line ranging due north aud south, is about a mile ami 
:i Furlong. It wilt be seen, therefore, that the geological 
evidence at Blackheath is much greater in amount, than usual) 
and that it tends to show that the beds are \\ ing nearly level, 
and are free from faults or disturbances of any appreciable 
magnitude. 

There is evidence, in the appearance of certain 

nil, that holes like that to lie described have disclosed 
themselves from time to time, nnd been tilled up withoul anj 
curiosity having been (apparently) excited us to their origin. 
Ilui in April, 1878, the sudden appearance of a cylindrical 
hole, about 20 feet deep and from 7 to 8 feet in diameter, mad* 
more impression on the minds of the inhabitants of (hi 
neighbourhood than had previously been the case. 
whs, however, after remaining ojien a few weeks, filled up 
• WhiUknr, Ovide to Otology of London, p. 60 (3rd edit,). 
"Barf. Journ. Grol. Se*. \o\. x. f. VSi. 
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the Metropolitan Board of Works, without nny attempt at 
exploration. In November, 1880, two other holes suddenly 
appeared, and the deeper of these two holes is that the 
examination of which has just been concluded. The Metro- 

Silltan Board having stated, in onswer to the Astronomer 
oval's request that they should explore the first hole, that 
they h:id no funds for that purpose, the matter was taken up 
1)V the Lewis hum and B lack 1km tli Scientific Association, the 
trjen President, Sir. J. K. Laughton, R.N., and Mr. IT. W. 
Jackson, F.R.A.S., the lion. Secretary, being especially zealous 
in the mutter. A small suin was voted by the Association for 
the exploration, but was soon exhausted ; and money coming in 
but slowly from the neighbourhood generally, April had 
arrived before the Subsidence committee hud received sufficient 
fund* to enable them to continue the work. 

The hole which appeared in April, 1878, and that which 
has just been examined, were almost identical in size and 
appearance. The last was, when first seen, like a nearly 
circular shaft with vertical sides, and 18 feet deep* It was 
in it* longer diameter 7 ft, 8 in., and 6ft. 9 in. in the shorter. 
When the fallen earth from the bottom was removed, the sides 
were found to recede till the hole became about 14 feet in 
diameter, at a depth of about 22 feet. The third hole, that 
MI Eliot Place, was shallower than either of the other two, 
and somewhat different, in shape. The difference, however, 
was chiefly one of proportion, the shaft-like portion of the 
hole being very short, and its sides receding more rapidly than 
in the other two. The Eliot Place hole, after remaining open 
Mine months, was filled up by the Metropolitan Board of 
Works towards the end of April. 

During the first brief exploration of the hole, (he heap of 
material at the bottom was carefully examined by Mr. Jackson 
during its removal, and found by him to correspond exactly to 
the sand and clay which formed the sides of the hole at and for 
7 feet below the surface. I hi recommencing the work in April, 
the first shaft, II ft. 3 in. by 9 ft., which had been carried to 
a depth of 16 feet, was considered unnecessarily large, and 
consequently expensive ; and the work was carried on below 
that depth by means of a shaft 6 ft by 5 ft. 6 in. Below 
the surface-material were found Blackheath pebble beds of 
the ordinary type and orange colour. At a depth of 34 feet 
water appeared, and continued to fill the hole to about that 
level during the progress of the excavation, so that a pump 
became necessary. Worn 36 to 42 feet, whitish sand and 
pebbles were brought up. The proportions of sand to pebbles 
varied considerably, nod occasionally differed in a marked 
"* See Engineer, Feb. J, 1681. 
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nnHinw u! differouf odes 
appeared to be loose and disturbed, i 



■ 

which an iron rod could be thrust don nv 
length of H feet, compared with thi 
greater difficulty attending a horizontal thrust. A.1 I 
of 42 feet, the limber framework of the lower shaft 
: t;l. down on one side very markedly. 'II 
down to the aurth and north-west, the southern --;■' 
appan atly on more solid ground. Aa the funds at I 
ot the Subsidence committee were getting vcrj low, ■ i 
excavation promised i<> be d work ■ 

danger, it was resolved to cense digging mid Hi iv\ the fbllo*- 
ing plan, which was proposed by Mr. liond, one of l!ii> must 
active and useful members of the committee. 

I iii-i-Jiijii'i, Willi .ill interim] iliiUiictiT lit' 1 

together and driven down vertically from the botfcoi 

shaft All solid matter was kept out of these pip 

their descenl by means of a plug with a harpoon-like point, 

which fitted into the lowest end ; the base of this pain 

somewhat greater breadth than the external diameter: of thi 

pipes. Huving reached a depth of 86 feet from the 

the pipe was raised a few inches and thi 1 plug dropped out; 

then u slender rod, with ;i kind of spoon iit n- lowi 

passed down the pipe, and a spoonful of the stuff jnsl outside 

its lower end brought to the Burface. As the pipi ■■■■ 

drawn, spoonfuls were brought up at intervale of a fen inches, 

so thai samples of the material just outside the pipe si various 

depth* IhIwiiti 4'J hi id *'j feet were obtained. l(i»th on driving 

down and withdrawing the pipe, the resistance eni 

varied exceedingly, a progress of 1-5 feet m one day being 

followed by one of as many inches the next. Yet tl 

liui. little variation in the nature of the mnti 

il seems likely llml the iiceiiMoiiid presence of hard 

such as may be sometimes found below the well-known -lull 

beds of the Woolwich series, was the cause of tho ■ 

nIiiw progress. 

The stuff brought, up in the spoon «iis. between I 
feet or thereabouts, brown or greenish-brown sand, tritn but 
little clay, and occasionally u small pebble. Hi '■■--■ )0 :■■■■'. M 
pebbles were brought up, and the proportion of clai 
tuereused with the depth, though not with perfect regularity; 
SO, also, did I lie proportion of dark blue eluy to brown, ,\n 

Engmenta of sheila could anywhere be detected. 

It will be well non to consider what evidence wi 
the thickness and character of tie.' various beds at Blackheath, 
and the bearing of this evidence on the results ol on 
litMi. Al (he house ueW. U> Vue Suu-W&kdAs,, ¥tW» 
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Road, about three-quarters of a mile E.N.E. of the hole, the 
Chalk was found to be 109 feet below the surface,* the height 
of the surface being about 150 feet. The surface at the hole 
is about 132 feet above Ordnance datum, which would give 
91 feet as the probable depth of the Chalk there, granting it 
to be at the same level in the two places, which is probably 
very nearly the case. About a mile W. of the hole, at Black- 
heath Hill, the top of the Chalk appears to be about 50 feet 
above Ordnance datum, which would give about 80 or 82 feet 
at the hole. The Thanet Sand, which directly overlies the 
Chalk, was 55 ft. 10 in. at the Brewery at Greenwich Hospital 
(now Naval College), but at Loampit Hill, Lewisham, is only 
about 40 feet thick. The Woolwich beds, at Blackheath, 
judging from the sections now to be seen at Westcombe Park, 
and from those seen by Prof. Prestwich in the cutting east of 
Blackheath Station, are a little over 20 feet thick. Greenwich 
Hospital Brewery gives 23 J feet.t The thickness of the 
pebble beds which form the surface of Blackheath is, of course, 
variable. 

In Westcombe Park the Woolwich beds are not fully seen, 
but the shell beds are about 5 ft. 6 in. thick, and below them 
is sandy clay containing nodules of sandy ironstone. It may 
be interesting to compare the section at Greenwich Hospital 
Brewery, with that seen by Mr. Prestwich east of Blackheath 
Railway Station.* 

Blackheath Railway Cutting. 

Blackheath pebble beds, 10 to 12 feet. _ 

Brownish sand 2 

Broken-up shells in light-coloured clay, with J a ne ii v 

pebbles . . 4 V ^J 

Brolcen-up shells in greenish-grey clay . 2 J 

Light green sandy clays, mottled red and grey . 7 
Light greenish sands with a few pebbles (bottom 



Woolwich 
beds. 



Thanet Sand 21 



Ft. In. 



Greenwich Hospital Brewery. 

Blackheath pebble beds. 

( Black sand 4 10 

Blue clay 8( Shelly 

Shellvrock 4 0| beds. 

beds, i Red clay <> 

White sand 4 

w Green sand and pebbles .... 40 



Woolwich 



Thanet Sand 23 6 



• Whitaker, Oeol. Lond. Basin, p. 467. \ lb. ^. 4<&. \ To. > YiA. 
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In WcHlcomhe Park, water oami 
outcrop of the shelly beds; tmrl Mr. Chapman, statii 
at Blackheath, informed me that water, evidently from tk« 
same source, affords i supply for the railway sfc I 
water i* that which, falling on the permeable pebl I 
the form of ruin, in upheld by the impermeable els 
shell beds below. The shell beds were cut tl 
Bhickheath tunnel, and the water held up by them 
tunnel constantly wot. There can be no reasonable doubt 'iut 
the water found at a depth nf 34 feet in the hole, and whist 
afterwards rose to 33 ft. 1 in. after rains, was wat< r 
i.i-i of the pebble beds, and imlii/ufed the close proximity of tbl 
shell bed- below. In the Vale of Health, Messrs. Jackson id4 
Bond found that water was met with at a depth of Fi 
14 feet. Now as the average height of the surface at the Vail 
of Health must be about IS or III feet below that ol I 
at the explored hole, more than 400 yards \.K. of it, we h»W 
herein evidence that the water in both places i* from the same 
source, and that the shell beds lie at each spot at ra 
the same level. 

Tile geological evidence already given shows .:■ 

that the various spoonfuls of material brought up from tic- 
liolc cannot represent the nature of tin- beds existing below the 
surface of Blackheath in undisturbed ground. And we htM 
also learned from it how exceedingly inij'i"baMo is the existence 
of any faults or disturbance* nf i lie stratu there. For while wc 
have more evidence than is usually available in areas 
size tending towards the last- mentioned view, it is apparent, 
from the vet ions given of the constituents of the vai 
that the only clayey n.rN belong to the Woolwich 
are about 12 or 13 feet thick at the utmost, wh reas, 
from the contents of the spoon, clayey beds exist of i I 
of more than 30 foot. In what way, then, i-mi thu 
thickness of clay be accounted for? 

The sticky nature of clay, and the small quantity nf 1 
brought up may have had some influence in th 
not, I think, fully account for it. We have now, in ftu i, M* 
rived at u point at. which it becomes necessary to wj 
two views which may be taken as to the origin of thi 
heath subsidences, and their respective probabilities, 
which may be called the geological view, suppose! 
have arisen from the breaking in of the rooi ■ 
Chalk formed simply by the action of water, which, ; 
through the overlying tertiary beds, has dissolved 
Chalk in the manner so often seen in the "saudpipes ' of onalk- 
oils iit-' ;, wuv cuttings, The second, or : 

tbsidenccs are tue v«su\\ ut \\\e 'wvvm .>\ *i\« 
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a old shaft leading to a cavern formed (probably in the chalk'i 
if the hand of man. A third view appears to be entertained, 
which I mention for that reason only, t hough it has neither evi- 
Aciw, nor even possibility, in its favour. It is that ' the Black- 
heuth subsidences are due to the action of water, the sand 
blng carried off and leaving the pebbles to collapse.' (Time*, 
May 12, 1881.) The holders of this view appear to forget that 
I ion of natural underground cavities in highly siliceous 
Mnd and gravel is impossible, inasmuch as they, unlike the 
I'halk. remain utterlv insoluble when exposed to the action of 
r*in-water charged with carbonic acid gas. I need therefore 
ay no more about this third view, but will consider the opinion 
H mentioned, the only geological view which deserves the 
HOB, 

Allowing 36 feet as the depth at which the top of the shell- 
ods would be touched, in unbroken ground near the hole, the 
eds thence to the top of the Thanet Sand must be quite 18 feet 
aick. The Thanet Sand cannot be less than 111 feet thick, and 
wv be 5 or 10 feet more. Thus, at the lowest computation, 
ie distance to the Chulk would be 93 feet. Mr. W. Whitaker, 
owever. who lias probably had a more extensive experience of 
aese beds than anv other living geologist, remarks that while 
few feet only of Tertiary beds above the Chalk give rise to an 
neven surface, and to pipes, the same process of the dissolving 
f the Chalk by carbonated water ' when it goes on at greater 
epths seems to act in a more equal (because in a more constant) 
fay on the surface of the Chalk, leaving it even.'* Now Mr. 
Vhitakcr's experience must have been gained in pits and rail- 
ray cuttings that would seldom show even 50 or 60 feet above 
lie Chalk, much less 80 or 90 feet. Again, Mr. De Ranee 
bserves f that the permanent water-level in the Chalk at. Black- 
;eath is about Ordnance datum, and that the comparatively 
mall amount of chalk there above this water-level makes it 
cry unlikely that these subsidences are due to pipes descending 
ertically into the Chalk. Lastly, our own experience of the 
ray in which waler falling on the surface of Blackheath is held 
ip by the shell-beds below, and thrown out just above their 
ine of outcrop, is conclusive evidence that scarcely any water 
an ever get. down to the Chalk below at all. All that docs do 
i) (artificial holes apart), must fall as rain outside the area of 
be Blackheath plateau. 

An interesting letter appeared in the Engineer oi Fob. 18, 
881, signed Alfred W. Morant, in which the writer gave 
n account of some remarkable subsidences which appeared in 
?eat numbers many years ago on the sewage farm at Whit- 
ingbam, near Norwich, lie .says : ' When the sewage was first 
• aW^f/Zo,^^, 3rd edit. p. 32. ^ Hstan^WaAl 0»V 
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allowed to Bow over the laud, we were astonished day by day 

find the fields to be soon covered with circular hoi 

about 3, 4, or 5 feet, in diameter and of various depl ! 

always being vertical,' &c. Mr. Morant attril 

sidences to the excessive quantity of carbonated watea 

poured over the land, and its effects on the numerous soodpi 

which exist in the Chalk of that neighbourhood, Hn vi-ii 

the Wbitlingham sewage farm at the end of last March, I I 

many of these holes. Those I saw were seldom man 

■i feet deep, but I was told by the old man who was then en- 

gaged in distributing the sewage over the surface, thai ilny 

often on first appearance were 10 or 12 feet, deep, or evi 

but that they speedily filled themselves up, to the depth of those 

I saw, by the tumbling in of their sides. They are 

very singular and worthy of notice, and are doubtless due In tin 

cause assigned by Mr. Morant. lint at Whiilingham we han 

an immense quantity of carbonated water making 

through loose, highly porous, sandy and gravelly beds, 

thickness of perhaps from 10 to 30 feet, to highly disturbed :uk 

Erobably fissured chalk below.* Another thing which 
ave had, in all probability, a special influence on the produc- 
tion of subsidences at Wkitlingham is this. Among tfa 
overlying the Chalk, there is a bed of pebbles cemented togetlu 
by oxide of iron and manganese, known locally as ' 
Where a windpipe occurred in the Chalk below, the mpenq 
hardness and tenacity of the iron-pan would often be tb 
means of preserving it unbroken and horizontal, while I In 
softer and looser beds beneath the pan had adapted th< 
to the shape taken by the sandpipe. A hollow space, shaped like 
an inverted cone, would be accordingly hen. and then 
beneath the iron-pan. The form taken by the eubsi 
Wbitlingham seems to me, therefore, to have been 
of the shape of the hollows probably existing below 
which became suddenly filled up by (he disintegration of th* 
pan through (he influx of sewage water. The antiYlin 
m the Chalk at Wbitlingham may very probably reduce 
maximum thickness of the overlying beds at the sewage I 
to 20 feet or less. But, at all events, the differences 

the Blaekheafh and Whiflin^l i sulinideuci 

ciently obvious. This Whitlingham case seemed to 
ever, well worth examination here, because it. is the ■ 
have met wifh at all resembling that of Blackhoath, which 
best explained by the geologica] theory, 

We now come to the arehieologieal theory of tho prodoctnXl 
of the Blackhoath subsidences; and perhaps the best plan will 

"'• -ujrta of Papers by lit. J. E. Taylor, on the ' IksJa «: 
Hi '. Mag. tvt \m$ ^\.k?),w.:';-.\ wis:?,. 
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i give a general account of the arclucologicul evidence 
ng on the matter, and then U> discuss its applicability to 
e before us, 

ificial shafts in the chalk occur in great numbers in parts 

oriolk, Suffolk, Kent, and other counties when chalk 

They naturally divide themselves into two groups: 

e made for the purpose of obtaining chalk and Hint (mainly 

latter), of which ' Grime's Graves,' in Norfolk, about three 

i N.E. of Brandon, furnish by far the best, known ex- 

! and those made as places of security, and of warmth 

er, of which the ' Danes' Holes ' of Crayford and other 

i in Kent, near the south bank of the Thames, arc the 

t noteworthy instances. 

"lie ancient pits known as Grime's Graves have 'wen fully 
cribed by the Rev. Canon Greenwcll, and from his paper on 
■ning of Grime's Graves,** I will make a few brief ex- 
i, sufficient to show their general character, and refer those 
■e details to the paper itself. 
The pits are about 254 in number, and are generally -about 
2.) feet apart, covering a spaee from 'JO to 21 acres in extent. 
Tii. v .ire cireuhir, and vary in diameter from 20 to GO feet. 
Thev have all been tilled up to withiu about 4 feet of the sur- 
face. The pit selected for examination was about 28 feet in 
duiiii'ti r at the mouth, and gradually narrowed to u width of 
IS bel at the bottom, which was 39 feet below the surface. It 
was cut through a deposit of dark yellow sand, 13 feet thick, 
which there overlies the Chalk. At the depth of lflj feet from 
the top of the Chalk was a stratum of Hint of better quality than 
my nearer the surface. This is culled by the present workers 
— for in this neighbourhood the manufacture of gun-flints still 
goes on — the ' wall -stone,' and is used for building walls, ■)■ 
UMttgh not hard enough for gun.-f'iuts. At a depth of 7£ feet 
bdow the wall-stone, or o!l feet from the surface, a seeoud bed 
of flint exists of much better quality, which was, and is now, 
used for gun-flints. It is probable that the ancient workings 
I'lished in this place on account of these qualities in 
the flint. At the bottom of the shaft this bed of flint, known 
How ;is the 'floor-atom ,' was worked out as far aa the shaft ex- 
tended, and then galleries were driven out in various directions 
upon the level of the bed of flint, the overlying chalk being 
■ i In [gh1 of 3 to 5 feet. The galleries vary in width 
from 4 to 7 feet, and the flint was worked out beyond their 
sides as far os was practicable without causing the roof to give 
way. These galleries probably connect all the shafts. There 
were no steps cut hi the sides of the pit, and the workmen either 



■,■.'■■«/ Sue. .'in. 1871. 
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were drawn up by ropes, probably of tide, or ascended 
means of a ladder, which would be most probably 
cutting notches in a tree stem. The principal instrument u 
both in sinking the shaft and working the gal] 
made from the antler of the red deer, many * 
were found. When a new pit was sunk, the mi 
went in till up im old one. 

Ancient pits of the Grime's-Graves type must be 
distinguished from certain modern shafts which odel 
siderable numbers, and arc for the purpose of obtain 
where it is wine distance below the surface, and yet required 1 
economical purposes, Mr. Aubrey Strahan of ihc : 
Survey, informs me that there are Tunny such shaft - 
yards in the country west of Windsor; and Mr. IT. B. n 
ward has lately called my attention to a paper by the late D«B 
Buckland on the 'Plastic Clay'* ((he old name for the Wool- 
wich beds;, in which mention is made of a shaft of thi- 
at 'the base of the north-east extremity of Shoot i 
Iiuekhmd states that ' in the same field with the clay-pits, st 
on the north side of them, a shaft is sunk 120 feet to the so 
face of the subjacent Chiilk, which has been extr^u ■: 
further depth of 24 feet, being the object for which 
was made. He ulso gives instances ol the wny in which f! 
' Plastic Clay ' upholds tho water in the district, and throws ui 
a line of springs at its outcrop. 

Pits ot the kind known as Danes' Hole 
neighbourhood of Dart. ford, Cray ford, and 1 i ■ xley, 
the village of East Tilbury, on the northern bull 
Thames. Similar excavations are said by the author i 
Murray's Handbook lo Kent to exist on either bank of it 
Somnie as high as Peronne, in the diocese of Ami 
tradition of Picardy asserts that 'these caverns were used ft 
the retreat and concealment of the inhabitants in time of w« 
whence tlieir ordinary name, lea sontcrriius ilea 
in the neighbourhood of Cray ford are thus described in r 
History of Kent, vol. i. 1778 : ' There are now to be seen, 
well on the heaths near Crayford as in the fields and woa 
hereabouts, many artificial caves or holes in the earl ! 
which are 10, some 15, and others 20 fathoi 
mouth, and thence downward, they are narrow, like t] 
of a chimney, or passage of u well., hut at the bottom 
large and of great compass, insomuch that some of ll 
several rooms or partitions one within another, strongly 
and supported with pillars of chalk,' [lasted remarks tu- 
rn y of those on Dart lord neath ' have been stopp 

' to prevent the fceouent accidents from mi 
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nto them, and refers to the German ia of Tacitus, who 

■escribes the Germans as digging out subterranean eaves. 

ile upon them great heaps of dung, as a shelter from 

:.i as a receptacle for the year's produce, for by such 

■ \ mitigate the rigour of the cold. And in case an 

entmy approaches, he lays waste the open country, while what 

m hidden and buried is either not known to exist, or else escapes 

aim, from the very fact that it has to be searched for.' ( Trim.-.!, 

wStth "ml Brodnbb) 

j. Hearing that Mr. F. C. J. Spurrell, of Belvedere, was the 
thief authority on the subject of these Danes' Holes, 1 wrote 
Mkmg where they might best be seen in the neighbourhood 
ei Bexley, having always thought that the Blaekheath sub- 
sidences were the result of artificial excavations of some kind. 
Mr. Spurrell replied that Joyden's Wood was a good place, and 
that he thought the Blaekheath subsidences would be found to 
malt from the presence of Banes' Holes there. On the 7th of 
read a very interesting paper on Bancs' Holes at the 
igical Institute, in which ne stated that they were 
known to exist as far west as Charlton Bark. A remarkable 
bebly originally a Dane's Hole, was discovered in 
February 1878 ut Eltbarn Park,* and a strange subsidence 
occurred five years ago in Eidbrook Park Road, on the eastern 
border of Blaekheath. And it is almost certain that the 
BtmHTlTf cavern under the Point at the north-west corner of 
Blaekheath shoidd be referred to this class, though it was 
entered bv a gallery driven into the hillside, and not by means 
of a vertical shaft. 

The pits of Joy den's Wood are most abundant in that part 
tidied Cavey's Spring. The shafts seen by me were all in 
Thanet Sand, and were very narrow, though, of course, con- 
liderably broader at the mouth than they were five or six feet 
Wer down. I do not think that, except just at the mouth, they 
were more than 2 feet. 9 inches in diameter. Two of them 
probably communicated with each other below, as they were not 
more than 80 feet apart. The ground, indeed, for a space of 
4 or 5 acres, is covered by bell-shaped pits 8 or 10 feet 
deep, while here and there appears one of these shafts, some- 
times from the bottom of a ben-shaped pit, sometimes not. I 
was informed that these shafts sometimes appeared suddenly 
and unexpectedly, and that they were about 70 feet deep. The 
pit at Eltham Park is 140 feet deep, and has (probably since 
it was 6rst made) been lined with courses of brick and chalk, 
so that its present diameter is from 4 feet 1 inch to 4 feet 
.' nil lie-. A bed of flint forms the roof of the chamber, which 
» Se* Paper bj Mr. W. M. Flinders I'etrie, IV.*-. Roy. Archaot. Init,, 
Uareh, 1-76; and fur plan and section of pit, Engineer, March 18, ! ■ •! 
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whs found, nil duooverr, to have been used far a eon 
time as a cesspool. The existence of lii'li shaft and 
was unknown to Mr. Jackson, the present propriuto; 
Park, (ill their discovery at the end of a disused ■■ 
wmknian sent along the drain to find out the course I 

Quantity of water that had escaped through n leal i 
Vine mitices that five courses of chalk occur in the 
the midst of the briekwork, about 47 feet from the Buri 
remarks that the chalk for these courses wss no doubt procured 
from the ehalk in the shaft 70 feet below, which m 
hceuunlined at the time from these chalk o 
It seems to me most likely that the shaft was first lined »k 
the chamber below was utilized as a cesspool, and that it 
impossible that the latter could have been originally ''"; 
for that purpose. 

It will he evident that the Danes' Holes mentioi 
from the other classes of pits in the Chalk noi 
details of construction, but in geological position. For tin 
others are sunk where chalk is at or close to the surfacf, 
as at Grime's Graves, or in brickyards, as at 
Hill. Bui though pits of the Danee'-Hole class an 
cessarily found on any one particular horizon, a lit 
federation shows thai the pits at Je-ydon'a Wood, Kit bam, v 
Charlton Park cannot have hoen intended aa pits foi ■ 
flint. East of Joyden's Wood is a broad suread of bare chall 
yet the makers of the pits there have preferred to go throug 
40 to 50 feet of Thanet Sand in addition ; while Kit ham Purl 
Chariton Park, and Blackheath, all stand on the I!! 
Pebble Beds, and could never have been the sites of brick c 
tile works. In addition, there is plenty of chalk near at hanf 
both at Charlton and Blackheath, north and west of th 
plateau. 

Thus by a process of elimination ending in the ' survival 
the fittest,' pits of the Danes'-IJole class remain as the ml 
probable explanation of the Blackheath subsidences, 
consideration will show that the inconvenience as n L 
water at 34 feet, which was so serious a matter to us, with m 
large shaft and shuttered ground, would not be very formidable 
to men sinking a shaft of 2 feet !> inches in unbrokei ■ 
A relative who has seen much of primitive mining in Bolivi 
al once suggested to me that they would soon stop the BK 
eolation of the water by claying the aides for the two or three 
feet in which such protection was necessary. The pebbl 
beds would probably stand very well in the shaft if subj< 
only to the gentle pereol at ion of water, and shielded 
direct action of rain. Of course a shaft in such strata would 
"d and descended by means <A e> w^ OwA \x<yt-ttttoi. 
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r three spliced together, aa I am informed is the usual 
mode in Bolivia. 

It seemi likely that the upper third of the narrow shaft 
became filled up mainly by the falling in of (he pehhle beds, 
leaVing the lower two-thirds almost or quite empty. (Possibly 
a very slight hollow without any outlet, about 30 feet in 
diameter, and perhaps 1 ft. 6 in. deep at the centre, which 
■data cm (he west Side of the hole at the surface, marks the 
amount of the material that thus filled the upper part of the 
abaft.) And a little reflection shows that the line of junction 
of the pebble beds with the clay beds below, is the spot at 
which the incessant trickling of water down the neglected 
shaft could not fail to produce, sooner or later, subsidences 
preciselyTesembling those which have appeared; for the effect 
of the water concentrated towards the base of the pebble beds, 
would 1>e to undermine them and wash the disintegrated sand 
and pebbles down the shaft, together with a considerable but 
smaller amount of the subjacent clay. In this way a hollow 
would gradually be formed, conical in form, from the base of 
the pebble beds upwards, while tlio mouth of the shaft below 
would acquire a broad funnel shape, from the denudation of 
the upper surface of the clay. The Thanet-sand and chalk 
jjort of the shaft would probably be little altered, and the chalk 
cavern below would allow of the percolation through it of any 
quantity of water, and be at the same time more than spacious 
enough to receive any quantities of sand, gravel, or clay, the 
removal of which would suffice to cause a subsidence at the 
surface such as we have endeavoured to e 



JVole. — As the Subsidence Committee are by no means 
unanimous with regard to the origin of then holes, it has been 
resolved that in their forthcoming Report the various opinions 
held shall all be represented.— T. V. II. 
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IT is doubtful whether the generality of well -educated men 
fully appreciate the great, the radical, and the almwi 
revolutionary change which has in the past thirty or forty 
years come over the scope and spirit of English liberal education. 
"indeed it can hardly be termed a change ; but might be more 
correctly designated as a substitution ot one branch of humnu 
knowledge for another. For whereas in the first fori j 
the present century, the dead languages, especially Latin and 
Greek, History, Logic, and Metaphysics, fairly held their own 
against the computativc sciences of Mat heroatics, Mechanics, Plrj' 
sics, and * 'hemislry, and the systematic or class iticutory subject* 
of Botany, Geology, and Zoology as topics of teaching ■-■ 
nation ; they seem at the end of the second forty to I 
all but superseded. No doubt in the main H, 
us it undoubtedly is, has proved salutary. Englishmen, with their 
characteristic tenacity of existing Conns, hud retained all Iral 
unchanged in their large public schools and in the elder inn 
versifies a form of intellectual culture which really •■ 
in the Middle Ages, or at the latest with tin- i-» ---1 ■ 
learning. This is no mere figure of speech. The writer of tin 
present remarks took his first childish lessons, after ■ 
the rudimentary arts of reading and writing, from / 
Rogt r Aschnm, mid received his tirst reward- i 
like by rote, the ancient farragos low only known by their 
initial words,—* Propria qua; moribua,' ' time genus,' and " A* 
in pra'scuti.' Of the present generation, not one in at] 
has ever even heard of these median a] uiilt 
somewhat more useful Scholastic Scheme of 



ginning with the cabalistic formula, ' Barbara I 

-~t f lie , "" 1 his companions wereex^ecAai'we^^j Viwuwi^ituAurc 



SI 1ENT1FK: TKACHING. 



249 



nolentes folentes, a certain quantity of poetry !— God save the 
mark' — in the Latin and Greek tongues. He can well re- 
member his father's remonstrance oil finding him working at 
' that nasty chemistry, when you have not done your Latin 
verses.' Perhaps the most singular tvavestie of teaching was 
the inculcation of that laboriously useless heup of conflict- 
ing rules termed the 'Greek Accents.' It was well known 
to every scholar that they were non-existent in classical times ; 
that they were probably pnisndiacul ; that they sprang up about 
the time when Greek was going out of use as a spoken lan- 
guage; and that, except in very few instances, they now served 
no purpose whatever. In spite of this, they were steadily and 
perseveringly thrust down the throats of schoolboys, insomuch 
that ignorance of the hideous pedantry of a mediaeval gram- 
marian might involve the pain and humiliation of coi-poral 
punishment. 

That all, or most, of this has been swept away is ground for 
unmixed satisfaction. Hut it does not absolutely follow that 
what is being substituted for it is beyond comment or improve- 
There may be errors and pedantries developing in the 

• as in the older system. Nor are they difficult to point 

The teaching of science has tended to give an impulse to 
ic computative, to the disadvantage of the judiciul and appre- 
ciative functions of students' minds. Indeed the computa- 
tive faculty, so highly developed ut times in men not otherwise 
liberally educated, is not the widest in intellectual scope, nor 
the fittest preparation for some branches of life-work, lien in 
after- life are called upon to use their imaginative powers, to 
silt evidence, and to weigh symptoms, us well as to solve pro- 
blems. They may adopt artistic or literary pursuits, they may 
choose the professions of Law or of Medicine. In all these, the 
attempt to reduce the subject- in a Iter laid before them to the 
strict conditions of an equation or a ratio, so far from being a 
fruitful mental effort, may absolutely prove a hindrance. 
There is a common type of mind which fails to see a proof 
whieh is not of the character of demonstration, and which, in 
its absence, neglects lo use the faculty of judgment and decision 
so necessary in the common affair! of business. 

The computing school, and especially those who teach its 
lysieal branches, very correctly and consistently insist upon the 
dving of problems as a test of thorough knowledge. Mr. Day, 
whose work appears to be mainly performed ' in the laboratory 
of King's College, under the direction of Professor Adams,' in 
an excellent collection of questions upon Electrical Measure- 
ment, says: — 'It is now universally admitted that numerical 
exorcism are necessary in the stuA^ (A \Jb& 
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sciences, both as Riving practice in the appl 

various theories, and as affording tests of ability to comprehend 

as well us to apply that which baa been learned. 1 

It must 1>q remembered, however, that even among ad- 
vanced and professed iiintln'in;it iii;ms, Urn fstcultv of solving 
problems is very unequally distributed ; a fact which 
recognized at the great mathematical l.'nivevsity of Cambridge. 
The problems themselves are often open to comment, 
taking of the nature of enigmas, or riddles, rather than as fair 
testa of knowledge. Like riddles, moreover, they i 
kind of fascination on their concoctors, and are verv liable lo 
figure in papers of questions. The writer, for instance, baa 
seen in a paper on Pbysiea a question which involved an inde- 
terminate equation, and of which the solutions were infinite in 
number. Surely this should have been relegated to ita Idlldnd 
Algebra. Hut an instance which has occurred within the pre- 
sent year is so cxcepti'iiml u* in deserve quotation. 
Pass, not an Honours paper, set for Matriculation, — the primary 
and initial step of the whole University career ; a gate ■■ 
knowledge, which should be prudent.lv left as wide open as is 
consistent with a reasonably high standard. The paper con- 
sisted in all of sixteen questions, and is therefore too ' 
quotation in full. Of these, says the heading, - 



'Not more than Eight Questions arc in be antiiwed, of in 
least Tiio must fir sr/rrtrtl from Kcr/ion A, 









' 1. State your reason for regarding a pound as a 
mass and not of force. Whal is the most 
of force when a foot, a pound, and a second are units ■ i 
mass, and lime, respectively t 

"2. State the conditions necessary for the equilibrium of B 
body free to move in one plane. To what do these oonditUHU 
reduce when one point in the body is fixed t 

"3. A solid right circular cone of homogeneous ir 
inches in height, and its mass is 8192 lbs. The cone i 
u plane perpendicular to the axis -< that the mass of the mall 
cone removed is (JSO His. Find the height of the centre of 
gravity of the truncated portion remaining, above the base H 
the cone. 

'4. A heavy body starting from rest slides down a smooth 

plane inclined 'ill ' to the horizon. Hon many s» 

occupy in sliding 240 feet down the plane, and what will be 
its velocity after traversing this distance ? [g = 32.] 

■ 5. Whal is the " Kinetic Energy" of a a ■ 
system? A shol of UtOOlba. wrong a*. VWW 
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rikes a fixed target. How far wilt the shot penetrate the 
[ct exerting upon it an average pressure equal to the weight 
13,000 tons?' 

If it be borne in mind that judgment on the five momentous 
mathematical generalizations (for they are hardly within the 
pale of Physics proper) was demanded of boys averaging sixteen 
or seventeen years of age, fresh from ■school, it will be evident 
tat Che rare or schoolmen and of De Morgan's ' Conundrum '- 
■ not vet extinct, and that the current rumour of the 
award having been returned to the examiners for mitigation 
my have some foundation in troth. 

It is interesting to note how this radical change in the 
lope and subjects of education has reacted on our older and on 
:he more recently founded Universities. Far in the van stands 
'iat of Cambridge. Here, from the traditional character of the 
ruction given, little modification was required to bring 
(dern requirements into harmony with the older teaching. 
e the appointment of the great author of the Priitrt'/iin, 
;he discoverer of the Binomial Theorem, and of the ' Fluxionnry 
I'alculus' to a Junior Fellowship in Trinity College, A.n. 10>67, 
l'liv-ii-s and Mathematics have hud their full and abundant 
*hare in the curriculum of this University. If, therefore, there, 
i been a greater leaning towards Physios and Applied, aa 
distinguished from Pure Mathematics, it haa been accompli -lied, 
almost unperceived, under the guidance of men like Stokes, 
Thomson, Clerk Maxwell, and his successor, Lord Eayleigh ; 
who combine the highest powers of mmiorical analysis with the 
laginatire, oonatruotiva, and invi ntive faculty of Wheatstone 
ind Faraday. 

At the sister University of Oxford the oaao is verv different. 
Flere the method of the schoolmen and the misrepresented 
caching of Aristotle reigned supreme until our own time. The 
i< Li'oiiism was indeed expressed in conc r ete form by a single 
-ord. The ' Science,' which up to 1 B52 formed one foot of the 
tripod, with Scholarship and History, on which Honours were 
adjudged, was the Science of a thousand years before, the Meta- 
physics and Moral Philosophy of the Stoics,— of those who, 
proposing to teach it, wrote over the entrance to their school, 
oi'Shc ayioucpijroc tiairo, which, in the terms we are now 
using may fairly be translated, ' Let none unacquainted with 
Physics enter.' It was a purely mental analysis of the great 
problems even then seen to underlie our simplest, conceptions of 
the universe. The change required in this centre of learning 
was therefore from Metaphysics to Physics ; it wo* a scientific 
putting of the cart before the horse; a substitution of Pyths 
ras or Archimedes for Plato or \r\stot\e. aa \\\c S&Vur »' 
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d there was studied ; : 
Ethics, Politics, Rhetoric, 

stronger genius as a natural hist- 



tfatafilr 



his dogmatic treat 



and not in his far 






a and zoologist. 

Is it to be wondered that the wrench thus sadden] 
produced molecular change? that the impulse ovearai 
tral point ! J and that those who previously had been commended 
for uceumt© knowledge of the metaphysical attributi 
should require time to learn the internal economy of a Holo- 
tburian, the exact chemical constitution of ethylic-dicthyioxa- 
mato.orthc formula for Carnot's reversible Heafr-engm 
nun', within aa ace of thirty years from this mtellecAaal cataclysm, 
poor old Oxford is only just recovering from a protrai 
of vertigo, and settling down again to useful work. I 
thai she should Lave to chronicle the curly loss of one who has 
been u main agent in the revolution. The Linacre professor 
at Physiology, who began as iin orthodox First-classman in the 
school of bitten* Uumaniorei in 1850, dies in 1881 at the age of 
fi Fty-two an advanced exponent of modern news in Anthropology 

In the modern University of London, instituted forty years 
ago, we see another phase of the phenomenon which has been 
ably and convincingly commented upon by Dr. Briatowe, in a 
pamphlet oonfidentially communicated at first to Earl Crunville, 
the Chancellor, but now publici Juri'i. His object is mainly 
connected with the special study of Medicine, and the susten- 
liili'iu of the profession to which he and the present writer 
specially belong. But he makes incidentally go man 
and convincing comments on science-teaching and on its general 

es, that they fully deserve reproduction. He c • 

mciiecs bv observing that for some reason or other liic Fni- 
vurmty of London has hitherto failed to take that position Ut 
relation to the medical profession which the founders of the 
University doubt lew expected of it, and which it is important 
ii ihould hold He shows that in forty years only 'I>1 candi- 
dates have graduated in medicine, or an annual average of 
nineteen, only representing a wingle man for each of the medical 
schools in England. He compares this poor result with those of 
(be Univi'i-siiies ol I'iiris, Vieimu, Hci'Iin. mid Kdmburgli, even 
with those of Glasgow, of Aberdeen, and of the Qui 
yeraity in Ireland. After commenting on several possible causes 
of this comparative failure, he continues : — 

' IIni !■ it not possible that tin* t'UKninatiijiuiiire too exacting, and so lend 
i . i;.iM- the i Diversity and d<i injustice li> the candidal 
..I i ill i that tint medical graduates owe their intellectual emi] 
noaal to which they have been ■abjected, or that they have m) 
Live jiii-oriiijii'iiK- ;i> justities the plea fur maintaining the present 
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1 In reference to the former question, having first directed yonr Lordship's 
attention to the fact tlmt only n -mull miiinrity 'if the students enterin;.' llie 
medical profession in Eufrlnod offer tlienu-elveaMCMldifctM at rlie Matricu- 
1st i '-in Examination, let me trace the subsequent history of this minority, 
Nearly fifty per cent of the total number fnil at Matriculation ; of those who, 
hiving matriculated, present themselves at the Preliminary Scientific, again 
nearly fifty par cent fail; of those who, having passed the PreliiniiKiiv 
Scientific, present themselves: nt the first M.li. Examination, nearly thirty- 
five per cent fail; and of Ihus-e wlm finally beomne candidates for the degree 
of M.B,. nineteen per cent are rejected. The collective result u (allowing 
for the fact that no inconsiderable number of the candidate* faint by the 
way, and never proceed beyond the Preliminary Hcieiitilic in- 1'n-i M.li, 
Examination) thai not ten per cent of the young men who enter at the bin t 
of the series of examinations emerge successful from the last; and that at 
seventy-two per cent of the whole number me rejected at the Miihieii- 
and Preliminary Scientific EmpioatJOPg — examinations: in subjects 

'.eh, with scarcely an exception, have no direct bearing on medicine. 
■l\ the fact that the examinations required of aspirants for the M.B, 
Degree are so devised and so conduced, that they involve the rejection of 
nearly three-f mirths of tliem before lliey have l-<ri afforded the sliglitest 
opportunity i.f displaying their acquaintance with any of those branches of 
knowledge, which are the nlmo.-t exclusive objects of their study in the 
Medical Schools, which alone it is essential that a medical man should 
nd which ought to be the real hasis of a Degree in medicine, is BUffi- 
condemn them us teats of liliie-s or unfitness for the medical metu- 

ihip of the University. As a matter of fact, those who have never 
ited themselves at the portals of the University, together with those 
in have lost heart by being rejected at its earlier examinations, include the 

it bulk of the more distinguished pupils nt our hospitals ; of n bom many 
the compleliim of their pupil.igo to gain in Scotland, Ireland, 
or elsewhere, the Degrees practically denied t hem in London. 

' But the chief cause is the difficulty of the preliminary cinmimitions. 
This has always hee.n excessive, but of late has been scandalous. The 
difficulty and indeed the uncertainty of the results are DOW so fully 
recognized, that many students who under other conditions would have 
become Candidates, feeling the importance of utilizing the time at their 
disposal to the best advantage, do not think it worth their while, or do not 
dare to face them. Again I appeal to statistic*. In the twenty-three years 
ending with 1800, the rojeeliniis at lint Matriculation Ex»mi nation were 
under 1G per cent. In the next eighteen years, without any apparent cause, 
they rose to 40 per cent, or to more than thrice their former average. ; til ,1 
during the last three years of this time, they actually exceeded TO per cent. 
It was in the year 1801, from about which time the extraordinary increase 
in the rejections at Matriculation dales, that the Preliminary Scientific 
Examination was instituted, partly to relieve the first M.B. of some of ite 
lest strictly medical subjects, partly to insure a more e.iact knowledge of 
those subjects on the part of the student. A new obstacle was tints inter- 
posed in the medical . dent's career, an obstacle so serious, that it has 
involved trout first to last the rejection ol \~t V'an&\&B.'u» aaX. iAwssn W>. 
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It might st least Lave been supposed that the incn 

Matriculation Examination, and the turtle-. 

the Preliminary Scientific, would hove bad the eS 

results in tlit- First and Second M.B. Examinations than had bat ■■ 

attained. Not in (he Wast. Tor whereas down to i 

the Fiist M.B. wore only 37 par cent, and those at 1 1 

10; since 1*60 the rejections at the First mid Second M.B. hug bent 

respectively 35 and 19 per cent. Collecting these several results, it appean 

that whereas prior to lrtt'1 the rejections at the three esttmhtati 

medical graduates had then to undergo, were severally 18, 97 

cent; from 1601 inclusive the i •■.-...« now in 

force have been severally 49, i~. So, and 10 par oont : ami thai • : 

former period the chani en were thai out of eveiy 100 medical I i 

the Matriculation Examination, fll would been 

I tin' rimiuv- i.f final sur-res* huve dwindled dawn to I I 
' The fault of the regulations of llie University in reference to the Matri- 
culation and Preliminary Scientific Examinations, is that examination in too 
wide a range of subjects, and too esteniuve a knowledge of them, are requited 
of Candidates who, for the nio.-t part, are fresh from school, or at any rate 
have had very little time for serious study after leaving Bbool, Tlie raw* 
enumeration of the subjects required of a Candidate at the Matriculation 
Examination, is suffici en t tunn.i! 

are as Follows: Latin; two out of the three language*, Q ',. I 

German; English; English History with Modaa Gtograpbj; Arithmetic; 

Algebra, up to and Lnrludiii;.' -inipl [nations; the lirtt four books of 

Euclid ; Natural Philosophy, including Meeiianirs, Hydrostatics, 1 1 

and Pneumatics, Optics and Heat; and Chemistry. Why, even a publie 

school-hoy of high attainments could not pass such an examination in virtu* 

only of the knowledge lie has lieeii acquiring for many years at school; and 

in the cage of boys of average intelligence and education, it inrelVM •" 

outrageously severe and altogether unremunerative mental and 

strain. Who among the Senate even, or who among the exai 

competent at this moment to pa-; .-urv-.-.fullv through such an ordealf 

The Preliminary Scientific Examination, again, is one of exceeding 

far too difficult, indeed, for that period of a student's career at which he u 

required to pass it. Moreover, as I have already observed, it embraces a 

list of subjects, scarcely one of which has any direct bearing on 

In fact, they are placed here in order to get rid of them at once and fa 

ever, so that they may not embarrass the student's further prog; 

subjects ore :— Mechanical and Natural Philosophy, treated far loo M 

foundry for most men who aim at a degree in medicine] Zoi 

can only be sutinfuctorily studied after the -Indent bus leniTil anatomy and 

physiology j Botany, which is of very little, if any, use to a medical man ; 

mid liint^iiiiii' Clifitiistry. Is it astonishing that a large numbei 



failt. 



:- til. 



' The faults in the conduct of the examinations relate to ibequalitv of the 
questions which are set, and to the standard of merit which the examiner* 
adopt, As in the general quality of the questions, I have look 

IT after piper set at the Matriculation miA WAv-.-. 



of (rival important- 
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and have been struck over and oier again with tin 

s of the questions, ttieir iuappropriateness or their ui 

i of a Candidate's actual knowledge. And I feel sura that n 

mbiassed persons, who will take the same trouble that I have 
, will acquiesce in the justice of iny criticism. The question w 
a, generally, set uji too high a standard of merit is 
et one which I can scarcely venture to ans 
i*ve rsil consideration!*, however, which convince 
e matter is in the main correct. They 
o of rejections to passes; the general character of 
the que.-tiuiis proposed ; and the fact, to which 1 can myself testify, 
(apart from the personal qualities of the examiners) the traditions of 

■ ■ favour excessive strictness of examination, ami the 

of a veiy high standard of merit. I may remark in reference to this subjei 

' nud icusj-TLi-jn-r-il examiners tend to be needlessly and unjustly 

and that examiners in subjects of relatively little important 

t to assert by undue strictness of examination the importance of thei 

' Finally, there are two other poiuts in relation to the 

!, I think, be ],.■(■■ hi -id- t'-d with advantage both to thn Candidates and 
e University. Pirsf, I have never yet been able to understand why, 
n a Candidate rejected at any examination has taken a first class in one 
ir more of the subjects of that examination, these successes should not be 
counted to his credit when he offers himself a second time for examination. 
It would be a great relief to the examiners, and not only a great relief but a 
simple matter of justice to the Candidates if such a practice were adopted. 
t>f the extreme hardship, if not unfairness, of the present rule 1 can quote 
c<iu»j>ii- nous examples. Strum/, I have also never vet Inns aide to understand 
why the Senate should forbid absolutely that men who, at a comparatively 
late period of their studentship, or even tit some subsequent period of life, 
desire to become graduates of the University, and who are able to adduce 
-ansfaelorv evidence that they have complied strictly with all its 
reqiurementB, should be allowed t( 
examinations at the shortest possible 
stances, the only proof of fitness for 
require is competence to pins i 
University to relax its reguhtth 
students; but I 
of dispensing n 
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present themselves for the 
ntervnls. Surely, under such 
s Degree the University can reasonably 
have no wUh for the 
they affect the generality of 
im sure it would be well for it to reserve to itself the liberty 
th some of its merely formal requirements in exceptional 
it of such a power, or the refusal to exercise it, has lost to 
i lie I'rivi'i.-ily many graduates who would have done it honour. 

' It has not in en under the guidance of audi ■ spirit m lids, that, v 
their faults, the Universities of Oxford, Cambridge, and Dublin, and t 
great Continental Universities, have gained repotatio 
thus that the University of Edinburgh has acquired and deserved ita world- 
tridl fame as a Medical University; nor is it thus that the University of 
London will ever attain that position in relation to its affiliated Medical 
Schools which the University of Edinburgh holds to the Medical Schools of 
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The great vigour and dispassionateness which characterize 
the criticisms of a leading scientific physician, himself a dis- 
tinguished graduate and prizeman of the University of London, 
is abundant excuse for the free citation which the writer has 
indulged in. The argument here given is moreover substantiated 
by statistical evidence which is beyond comment. It is really a 

{messing question, for of all wild beasts which are liable to be let 
oose on an innocent and unsuspecting public, perhaps the most 
dangerous is the school-master in excelm. Against him there 
is often no court of appeal, and no living man except the 
licensed keeper of lunatics is more liable to intellectual conta- 

fion. Every sensible man is cognizant of the pedantry and 
arshness which often characterizes the proceedings of the 
School-board Inspectors. It were well if public opinion, the 
only higher authority, looked more closely after the higher 
ana now practically irresponsible leaders of our studious rising 
generation. Qui* custodiet ipsos custodes? is a motto which 
applies not only to the blue-coated guardian of the public peace, 
but even more to the established regulators of our national 
education. 



REVIEWS. 



TIIE CAT* 

IT «« a happy conception on the part of Professor Mivart to teach 
natural history on the basis nf careful study of a single type in each 
class of animals. In this lir. follows out the precept and example of Prof. 
Ifiivlev. but in a way that is entirely his own. The Cat appears to have 
been selected for study Wause, from the ease with which examples may be 
obtained, it is better suited for examination than any other animal, while 
many might anatomize the Cst who could have no opportunity of dissecting 
the hutnati subject. In construction, the plan of the work is novel, in so fur 
as the author presupposes no previous know ledjje on the part of his reader, 
but provides him with the elementary pliv-iolii^y and analoinv i; . 

appreciate the subjects discussed; so tlmt in parts the book hu n anou 
appearance of mixing knowledge at once elementary and abalroM, which 
may disappoint the naturalist who anticipate* an exhaustive monograph on 
the Cat, but is helpful to all beginners. The work is well written, well 
illustrated, rlrnrlv arranged, and is cei lain !■■ exercise a great iulluenee on 
the future study of biology, because this is the lirst time in which so many 
modes of regarding an animal have been presented simultaneously, and on 
the whole with such freedom from technicalities. Remembering that it ia 
a book for students, it must he pronounced well done. 

Tin 1 volume opens with a skilfully arranged introductory chapter, giving 
a zoological and historical account of the different domestic cats, and then 
Tunrim OO to define the several naturnl-liiston studies to which the Cat and 
its kindred may lead. Thus gently leading the reader, the uuthur pfMttdl 
bn consider the cat's form and skin, or, as he prefers to term it, the external 
skeleton. Here we begin to make acquaintance with the elementary tissue* 
DDOMCted with the skin and skeleton, which are excellently illustrated 
by well-drawn woodcuts, some of them devoted to illustrations of th» 
teeth of the cat and tooth structure. At the third chapter the skeleton is 
readied. The vertebral are fully described and well figured; the skull ia 
excellently drawn, and every bone figured in detail, allowing internal and 
external aspects exactly as though the treatise concerned itself with the 

» The fnf. An Inlrothn I ion to the Stml>t of Ila.k-bontd Animal*. 
■% Mammalt. By St. 'teorge Mirut, Ph.D., F.II.S. With 200 

ustrations. Bvo. London ; John Murray. Ittttl. 
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anatomy of man; though not being written exclusively for 

readers, the style is somewhat less technical than is usi 

works. The osteology of the limbs is similarly treated, 

admirable drawings of the ligaments; but this part at the work might 

without doubt have been improved, bail .- in been ginn 

to indicating tljtj altadniients of the muscles to the bonaa. 

chapter describes ill" ™t's imwi', leading up in a considers) 

arrangement by a few pages on muscle structure. Hi 

aome deficiency of illustration ; for though the student trnined in the usual 

wsj would have uo difficulty, further aide in dissection tui^lit be requirtd 

by i lie reader for whom the book is designed. The chapter on the cat j 

alimentary system is followed In a discussion of the atrcnlati 

Then succeed chapters on respiration and tecretion. The i.. 

deals with the nervous system and organs of sense, snd this is in aomi' 

respects the most carefully prepared chapter. The tenth chapter treats nf 

the development of the cat, and of the subject of developim m 

This is perhaps the weakest chapter, BJnce there is compftnMively little mil! 

which might not as well have occurred in 11 treatise on any other mammal 

The anatoim here ends, Ii is throughout plain, descriptive ■ 
nothing whatever is said, such ns ruight have been anticipated from the 
introductory chapter, of the comparative anatomy of the cat. There si* 
no indications of the rundilicatious. which the skeleton asaun 
carnivora, and no indications of the distinctive elements whJd 
carnivorous skeleton of which the Oat is the type. This same want of grasp 
eitends to the study of the muscles and all the other organs; j i 
that the Cat is taken, as the title tells us, as : an introduction I ■ 
of back-boned animals, especially mammals,' would linn; led n 
that, after studying the type, we should lmve h"mi led up to e contempUtieB 
of the ways in which it is modified. This is u waul of aymmi . 
cannot but think that such knowledge would hove vaatlj augmented lbs 
student's interest in his work, and have paved the way fm his niutamphtbwo 
nftli'' higher problems of anatomy and physinlngj which mn.-i 
be forced upon his attention. It is in no way met by the chapter on the 
Hat's placu in nature. 

The author entitles (he eleventh chapter the ['sychologj of the Cat; 1 
here we find a great deal about psychological questions, and less than w» 
could wiab about the Cat. It is true, as the author remarks, that we can- 
not, without becoming cuts, perfectly understand the 'at mind, and llu« 
may account for the dilliculty obviously experienced in expounding tin 
subject When he conies to the analysis of mental powers « hi 
is stated not to possess, there in sure to be difference nf u|iiui<in 
readers, in proportion to their observation from nature and p-'. 
training, for he denies to eats all tbc truly rational fitculiii ■. 
draw a slurp line between the mind of man and mind in In:. 
i comes in fur consideration, perhaps too the first tin>< ins ■ 
cartel ; bill the author uses the term in a sense somewhat different from 
: usually accepted. With him it is 'that principle of ind 
ii liii Ij i :m lies tbu animal what it is, though it has no actual e 
frr 'er it vivifies; yet it is t\w ui\w\(l\ pur rxvcltnict.tke 
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i* composed being bat the mbordinate part of that compound but 
indissoluble unit j — the living animal.' The twelfth chapter, entitled the 
IMHi rf ut Kinds nf Cats, describe* in brief zoological fashion, fifty species of 
the Cat kindred, with the aid of illustration*. Then succeed* some aocnunt 
»f fossil cats, or Fetidae, in which are represented a number of new genera 
defined by Professor Cope. Here, again, we mi* the analytical conclusion 
»hi'li might to have followed, pointing out the relations of cats to each 
I'tbcr, and the differences which distinguish the animal* mentioned from 
Mch other. The thirteenth chapter is an article on the Cat's Place in 
Nature. This is really a statement of Prof. Milan's views on classification ; 
wd after the lower animals have been disposed of, the Cai is ingeniouslv 
oimpsrvd with the lower Vertebrates merely to exemplify their structure ; 
and then the distinction of Carnivore from the other groups of mammal* 
is given. Some detail is gone into concerning points in the base of the skull 
which distinguish bears, dogs, civets, paradoxnres, hyasnas, and other 
animals, and the distinction of (he Felidie from each of the allied families 
u formulated in a series of characters drawn partly from external ttraetmi 
and portly from anatomy. 

The Cat is considered to be the typical genus of its family: the cheetah 
u a generalized normal form ; the lion a specialized normal form; IheCanid* 
Me (aid to be the most generalized aberrant form; bears depart from the 
normal standard of tbe order in their own way. But the rath 
n Em hi in to state that ' BOmetiiiog may be said in favour of cats being the 
highest of mammals, the very flower and culmination of the uianimolian 
lire.' This really looks like a sop in [hi: pan for the Cat, after it DM been 
anatomized. 

The last chapter but one is the Cat's Ili-iicolngy , which is explained to 
|| Ell environment, or relations to space, time, physical forces, and condi- 
tions of life. First it is observed that no cat dwulls with the polar bear, 
ind that for some species no region is too hot. Some species are iliurnal | 
imne its aquatic; nnd they drink but little water. An interesting l«it 
brief account is given of the geographical distribution of the 1'eliiln | but 
there could be no good reason for introducing an account of the recognized 
natural history rvginns of the earth with their characteristic animals. Then 
follows a short account of the paheontological history of cats. The oldest 
tre found in India and Greece, in beds of oldfr Pliocene or newer Miocene 
Ige ; and the chapter concludes with some account of the various internal 
tnd external parasites with which cats are troubled. We are sure that 
noet leaders will be comforted to learn that lleiicobgy is a science: but 
low parasites, extinct allies ••! the tribe, geographical distribution, and the 
nfineoce of phenomena of nature, can hang together in scientific relation, is 
in! much clearer ofter Prof. Milan's exposition than it was before. 

The volume closes with an account of the pedigree and origin of the Cat. 
t is contended that the- cats were derived from the Insect! vom, which the 
mthor would take as the parent stock of all Mammalia, instead of deriving the 
ligher forms from the Marsupials; and be argues thnt J/gemudun and other 
ertiary mammals supposed to hare maraupiol affinities, are just as lik.ly t.j lie 
elated to the Insectivora. The views adopted would lead to the belief that 
As old mammals of tbeStonesfield slate are also \nsecA.\\-utous,»iizs«.'sX VtocSi 
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•omething might 1»> said. An excellent tabular scheme (fives the contlff- 



■■> It Ii the author 
animals with which tlir 
expected, ili' 1 ii'Hii,-! |. 

hi doctrine of 
itMiftO IV. .F UlTBt; 1 

! !ljni-lll lit' till' 
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the pedigree and affinities of tho 
>st closely related ; nnd tbpn, u i 

■ 
1 in those aspect* in which it ■ 

now, a* ever, being for nil Indi urinal 
while the mass of scientific men at* 
seeking to discover what the government really is, and how it operateafur 
I],,. w. 01 -!.■■■] njr i'l tht- WOrld. 

The book is strongly tinged throughout with the author's individuality 
and it ia obviously the outcome of his best and most oarnest labour for tht 
advancement of sound learning. 



MUSCLES AND NERVES.* 

THIS [.- one of iln- volumes of the International Bcrientifie Bm 
writteu by the learned and intelligent Professor in 1877. 11 
t lie book in die illustrious Kuril 1 >n Hois-Raymond, his master, tai 
ill the Preface, that ' this attempt at n connected tCOOUni if the general 
physiology of mu-iOes and nerves is, us far us I know, the tirst of its kind.' lie 
rimki-4 ili'- fulliiv. iiil' extraordinary assertion : -' Hot anyone « i. ■ ■ 

t'i gain i lea ol this branch of knowledge from ihe existing t.- it- bonks ■ >( 

physiology will probably labour in vain.' Recalling, tJwrefi 

learned from Todd and Bownan, who had the advantage or w itnessiiuf the 

experiments of Maleiicci, and who were perfectly acquainted willi tin- rat 

of Faraday on Elect rival and Galvanic Current*, it it 

out how much further Dr. Rosenthal, the careful recorder of tho 

i'.il. WebBr, E. dn Bois- Raymond, and II. Helmholtj!, carries u*. 

The first chapter relates to molecular and prutoplaamii 
ciliary motion*, and tli-ii i- no ndvunce in it ; and in the a 
there are the good old truths regarding muscles, their form n 1 
Bui then a new subject is opened up, and the unwde begins to be treated 
a lifeless thing, and tho physica of elasticity are explained 
simple facts are proved over again by physical erp 
u-e of physiological Uionitories — and the conclusion come | 
muscle on contracting is capable of lifting a weight. The son 
however, extends the muscle, ami in- i ■■.-..;>■ no urn ■■! the two 
contractilr tendency and the elastic extension — produces, as we shaft find, 
the final operation on which labour depends,' Then ■■ 
except the new 'force' of contractile tendency, which ' 
ii. hi pure ir deals with letamw, arid it.n 

: nearer the coni|irebonidon of that muscular conditl 

. id riyiaiJoffit of Muivlei uttd Keren*. By Dr. S, Rose 

of I" in I tie I nivefsiij' of Krlungen. Uvu. ' 

l'r 
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aring it with tlie enduring contraction which is the result of the nc 
rapid alternate, currents of electricity. Certainly the phenomena are analo- 
gous, but by no means identical. The author states that warmth and 
internal motion exist iu the mu-cles during tetanus, but tliis* is not new, for 
iiiptured n'bres have been sun iinJi.-r the nucro.-mpe fur the lost forty years. 
Then we are told that the absolute force in tin- liiiniiiu muscle is equal to six 
to eight kilogrammes. We presume that the author means energy. But 
there is a struggle between common rcnse and physics in the calculation. 
Weber proved by experiment that the whole force (energy?) of the c 
muscles of man, of both legs, ' is greater than the weight of the hot 
How can a child raise itself on its toes and jump up in the air if this is I 

The author states that it is easy to show that chemical processes occur 
within the muscles, but that our knowledge of the chemical constituents is 
Very incomplete. He explains llelmholta's experiments to prove that mus- 
cular contraction produces warmth, — rather a work of supererogation. The. 
rigor mortis is put down to the coagulation of some liquid iu the living 
muscle and to the formation of an acid. The book is full of illustrations of 
different methods of demonstrating the relations uf electricity mid muscular 
action, and it is to be feared that if it ia carefully studied people will not care 
much about having to take the useless trouble uf explaining vital pheno- 
mena by those of pure physics. 



THE BRAIN.* 

THIS is a book which ought to be in every library, for it is full of good 
facts and nolid physiology, and contains many interesting hypotheses, 
treats first of the nervous systems of [he Invert. 'bint a, and considers the data 
coucerning the human brain which are derived from the study of them; at 
then the brains of fishes, amphibia, reptilia, and birds, are considered in rel 
tion to reflex action, sensation, ideation, and perception. Instinct is consider 
nascent reason also, After dealing with the nervous centres of the higher 
Vertebrates, Dr. liastian considers their mental capacities and the P Worn 
of brute, and human intelligence. There is a capital chapter on ' l'hrenoldgy 
Old and New,' and the book ends with a discussion of the problems relating 
to the localization of higln-r on-lunl function-. It ia a well-written work, 
and worthy of the reputation of the author. 



* The. Brain as an Orqan of Mind. Rv If. Charlton Iti-tino, M \.. 
M.D., F.H.S. 184 Illustrations, pp. 70S. The International Science Series, 
Vol. XXIX. 8vo. London: C. Kegan J'aiil Si. Co. 1880. 
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Till-: 8PIBIT OF NAT0BE." 



MR. Raildon writes like nn accomplished gentleman ; he haa plenty d 
ideas, a command of good English, and does not fear, even 
days of practical t'liili-tirn ■«. t<> I and t'li.jiietil sentences. 

He has studied the writings of lie advanced school of evolutionist*, asA 
decides that physical and physiological properties nte absolutely independent 
of mora! conditions. He. status, ' Something of the history of i ■-■ 
plivMi'itl evolution, we tire beginning to know, but spiritual erolut 
i\ mystery.' In these ideas lit; will be supported by many mom evcdntionub 
than h" thinks. There is an interesting chapter in which the author deJ" 
frith science and poetry, and he cornea to the conclusion that ■ . 
more antagonistic to poetry than it is lo religion. He follows it up kj 1 
good attack nn the doctrines of Automatism and on the. cooclnsi 

of the advanced sel 1. Hut earlier iu the volume Mr. Baildon mistik™ 

Charles Darwin's views, and in fact he states, ' I have read a great part tt 
Mr. Darwin's Origin uf N/ieeie*.' He might have studied the whole over and 
itver again, and with benefit, and if ho had he would not have written tlis 
following tion-cnse : -'Ills follower.- have am the weakness of !i 
and have many of them gone over to atheism. Now I trust I shall not U 
misunderstood, hut thai you will hear with me till I have ful: 
myself, when I pay that science must always be in a sense al b 
atheistic here is meant not what denies Deity, but. what teem 
account. Science, so far as it Keeks only (he parliculai 
secondary cause, and has no concern with the universal, inSsiU or lint 
cause. When, for example, w-e say to a child thai God made such and such 
a thing we give th" child no aeieiiiilic infunnution wbatsoeiei 
impart a religious truth,' 

Cruelty of Nature is the heading of one chapter, and is eminently pole- 
mical and of course personal. He calls the Laureate a Christian ■ ■ 
of nature, and opposes the idea that a charge of cruelty can be ■ 
iifraiusl nature. Hut the conclusion he comes to is that nature is not guilty 
if the pain and misery of men and animals is of any use. It must 1* shown 
that the pain occasioned by her processes is unnecossan tit unjust. He jump* 

ni tl .iinlii-it'ii that the necessity of pain has been established became of 

the existence of pleasure, and the use of pain is a warning. We cordially 
recommend the hook lo sober-minded lender- of all shades of opinion, and 
believe that they will come to the conclusion that evolution and science VI 
compatible with the belief in a Creator whom man may approach tlnuii/!. 
his intellect. 

* The Spirit „f Suture, heini/ a Serial eif Interpretive Em,h/> . 
'■■■nW 'Mutter from the Atom t'„ the Flower. By H. I J. IVildon, It./ ~ 
8TO. Pp. 210. London: .1. A: A. rhmchill. *1380. 



ANTHROPOLOGY.' 

MR. & I). TYLOR'S Manual of Anthropology docs not profess to be in 
exhaustive treatise, upon the subject, and indeed, as he himself says 

■:'';:■ i. !■■;. ii- . -■;':■■ [.■.■rlions of the science of iriiin arc designed! v handled in 
a somewhat superficial fashion. This statement relates more especially to 
the ethnographical Motion, in which the author has avoided dd ail. ■■! reference 
to the. more technical treatment of the physical characters of the various 
races of mankind. The ordinary student, however, will find quite sufficient 
information in the first three chapters, which deal w ith what may be called 
the natural-history aide of the subject, to satisfy his requirements ; thow 
who wish to study this branch more profoundly will easily find no lack of 
other guides. 

The remaining chapters are devoted to an exposition of the principles of 
tin 1 science .if Anthropology. Taking, an his star tiny-point the notion of the 
primitive barbarism of our earliest ancestors, Mr. Tylor shows in a very 
ilear and interesting manner the mode in which the different characteristics 
of man as a social creature Imve originated and attained lo their varying 
•legTees of development; nnd by wide, but judicious generalizations, and 
a mo. i careful treatment of the matters in hand, he has certainly suc- 
ceeded in producinga picture of the Course by winch mankind have attained 
to their present state winch leaves little to !».' desired. 

Afr.r deal ill"', as already -luted, with the general natural-history facte 
of Anthropology, Mr. Tylor passes in review the development of the spucinl 
characteristics of man, nut m ally commencing with language, as being 1 the 
distinction between man and the lower animals upon which the progress of 
the human race in all other respects mainly depends. The art of writing of 
course constitutes „ w , rt f appendage to language. The four following 
chapters relating to tile arts of life and dealing with lie 1 invention and im- 
provement of weapon! and instruments of nil kinds, lending up to the most 
loiupMe machinery al present in use; the progress of mankind in the matt..; 
of dwellings, clothing, and navigation; the u.-e of tire and cookery, which 
used to be cited as the one recognizable distinction of man; the manufacture 
of ves-.l- of various kinds, and the employment of metals in the arts nnd as 
money, "ill I*- read with the greatest interest, as I hey contain an infinity of 

eurniN- information In i:lit together frf.ni the most various sources, and open 

up anuiv new view's of the connexion between old and frequently obsolete 
.;■! those of the most advanced civilization. 

One chapter is devoted to the arts of pleasure, under which head Mr, 
T\lor iiiehctc", among other things, poetry and mu.ie, dancing, the drama, 
the imitative arts of sculpture and painting, and games. The remaining 
chapters deal with the origin and progress of scientific knowledge, of 
-piritnal ideas and religion, of hi-torv and mythology, and of society. 

As we have already stated, the book is roost interesting and suggestive, 
and so far as we are able to judge, the materials have been selected with 
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battens on the backs «l om lern eatta; and in an 
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MnNTHTI.H'ORA* 

AY I' A I! and a half ago we had oocaaj ; ortanl wuri 

on the -ivcullcd Tubulate Corals, then Intel? published by Pttt. II- 

AU'vni' Nicholson. In this bonk Prof, V 
conncxi m with the I 'hBetetidre, to a group 

M'fiititnitif'rn »ud some allied genera or sub-g n», and ba ha- now pri- 

ilm-i'il mi i-i|iisi.]ly *1jl >.■■:: i r . ,. 

curious u.ud problematic*] foaaUs. 

Tin 1 genus Miintiiitlipiira mi* finiridi.il by D'Orbigfli in l-'it), for ths 
reception of certain I'nhto/oic corals, which lie deli owl as having theorllt 
Clone together, poriform, (it the surface of a branched oi inert] 
covered with small conical projections; and it was from the pretence of 
these little elevations or ' monticules ' that the name of the genu? was 
derived. Other forma showing more or less agreement with the character) 
luid down by D'Orbigny were soon fouml in various purls of I 
previously described specie* were teferred to the new genu. 
some cases new genera were formed for the reception <if new 
the whole were still always considered lo belong to the Corah, and in 
fact to the section Tabuluta, after the establishment of that gri 
Edwards and Haime. 

Of late years, as all paleontologists know, the rights of the group* 
corals to ftiA as a systematic eutily has been frequently cillrd 
and we may hold tbnt the eaup-4e-gract was given to it by IV. t 
in the work already referred l.i ; lint, in » i - en from oar 

imperfect notice of that book, llit> bnsine.'.s of negation «ih easier than lh» 
of affirmation, and while it might without much dillicultj be ileiuntuitr»t»d 
that tho fossil organ ison in true. lion do not form a systrninlir ■■ 
by ii" means an easy task in all cases to decide where the dismembered 
part.' should lie placed. 

In his former book, Prof. Nirfio].*oti was inclined to regard 
and Mtmtiridif.m n.> A Icyonariaii forms, not withsUUl ding the 
put forward hy IVof. Und-lroiu and others in favour of their being pWtd 
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s quest ion is discussed hy him 
sidembl.- length in his new treatise, and he still holds, in i pp 
views of Prof. Lindstriim mid Husk, and of Mr. Waters, ilut there u 
unmistakable evidence nf the lirvoioan Darure of the tdentieeiiporidl 
With regard lo their relationship to tin- genus IFttrnpora '.■ s p**c ial ly . u |n ■ n 
which much stress has been Inid, he says, 'It is clear that tl 

twte*) the two are by in means so weighty as tbc points "f 
ttflalsjlsua On the one hivnd, we have a strong natural 1 11 iiiiiMmkhi n 
general similarity in the mode of construction of the skeleton and an agree- 
ment in the fact that in both genera the oolong consists of IWO Mtl Of 

•nl by transverse partitions. Such transverse partition* of the 
tubes (or, as we may lnusely call them, "tnhuhe") occur, however, i 
organisms of such exceedingly diverse affinities, thut we can, adiiiilti-dlv, 
attach no value to the last -mentioned of the above resemblance**. . 
the other hand, to set against the meetly superficial points of resent bianco 
MOV! Doted, we hare n number of fundamental structural differences. Thin, 

(porta the walls of the tabes Bra imperforate; thai an no tnOM 

■ i i.i'liiiii^' -[line. i>r " septa,* 1 mid in the dimorphic, or trimorpblc specie* 
there ere u.-ua!lv important difference as regards the different groups of 
corallites. In Heteruporu, OB the contrarv. the walls of ihs tubes are 
Irmersed by a very remarkable and exceptionally developed ean:il system ; 
the tubes possess in their outer portions a well-developed series of radiatiii r 
spines . . . and the interstitial tubes are in no way structurally diffcrc, 
from the proper zoceciu.' Trout these and other considerations, the author 
declares, without denying the possibility that Afvn/taili/iora may l>elong to 
the linn/on, that his specimens lean decidedly towards the (.'oienieratii 
' as a proper resting-place for the genus.' 

In the systematic and descriptive part of his present work, l'rof. 
Nicholson makes no attempt nl 11 monograph of the cur ion- mid pn, . 
of fossils to which be has devoted so much attention, but simply endeavours 
to define clearly and accurately the speeies v.ith v liich lie is aeipitiiut. d, and 
the generic and sub-generic groups to which they are best referred. 
family Montieuliporidfe is made to include only the single genus from 
which it takes its uame : and the other named groups of allied organisms, 
some of Which were distinguished even before H'Orbigiiy established his 
genus, are treated provisionally as sub-genera. Of these there are Ftatttli- 
iii-:, M'Coy. with which Va'hiptira, Hull, is syuoityinons; Cmn-'Mirui, 
Dana, including Sttfflpora, Hall, and IJrkuifia, M. Edw. and II. ; and these 
tin. e groups are regarded by I he a lit I tor as so fai differing fioni the ie.-l that 
ri .ii distinction may be considered of more weight, and they thus acquire 

■ sort of quasi-generic value, in opposition to M<iiitiru!i/iiira proper, h Inch 
in its turn includes the subordinate "roups, I>i/rf'>!r>t/!ti, I [rl err&ryplt, Muiin- 
(njpa, Awijwra, and I"erono/H.ra — the last-named bore proposed for the 
first time. 

It would be manifestly out of place here to enter upon a criticism of 
the course adopted by l'rof. Nicholson, if, indeed, anything of the 1' 
could be profitably undertaken without a long study of the WTJ objefltj 
investigated by him. The reader will easily see, from what is stated above, 
that the subject is an exceedingly difficult one, mwi VW. tile «»s«r 
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classification leads to a sufficiently complex result — evidently, as the author 
justly says, the time has not yet come for a final monograph of the group. 
But in bis characters of the genera, or sub-genera, and his long and detailed 
descriptions of the structure of numerous so-called species belonging to the 
sub-genera of Monticulipora proper, Prof. Nicholson has certainly done 
important work towards the perfect elucidation of these most difficult fossil 
organisms, and the abundance of admirable figures that he has given, both 
on half-a-dozen plates and as woodcuts scattered through the text, add 
immensely to the value of his work. His opinions as to the nature of the 
organisms are still sub judice, but whether they are right or wrong, his 
contribution to the history of the Monticuliporidsa will certainly prove t 
great help to future investigators. 



SYSTEMATIC MINERALOGY.* 



IN describing the various crystalline forms, the author of this volume 
deals only with their symmetry and general geometrical proportion, 
without entering into the question of the practical calculation and determi- 
nation of individual examples. In doing this, the methods followed are 
mainly those of Groth's treatise on ' Physical Crystallography/ excepting 
that the plan there adopted of considering the physical structure of crystals 
before their geometrical properties has been abandoned in favour of the 
more common one of giving precedence to the latter. 

The optical properties of crystals are considered at somewhat greater 
length than is usual in rudimentary books, and the phenomena of polariza- 
tion receive special notice. A mixed system of crystallographic notation 
has been adopted. In the text, the forms are designated by their symbols 
according to Naumann, while the notation of their forces is by indices 
on Millers system. It is explained that this has been done with a 
view of familiarizing the students with both systems, since, although 
the notation of Miller is probably the best, that of Naumann is more 
generally employed both in text-books and in original memoirs. The 
classification followed in the chemical portion of the volume is that of the 
second edition of llammelsberg's Handbuch der Mineral-Chemie. 

This book is not only a safe and useful guide to students desirous of 
acquiring a general knowledge of mineralogy, but will also serve as an 
excellent introduction to the large text-books of Dana, Miller, Descloizeaux, 
and Schrauf. 

• Text-book of Systematic Mineralogy. By Hilary Bauerman, F.G.S., 
Associate of the lioyal School of Mines. London : Longmans, Green, & Co. 
1881. 
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SIGHT/ 



THE function of sight has engaged 90 much study, that one marvels that 
no one should till now have undertaken to explain its chief phenomena 
to the reading public. The physiological aspects of the eye have been fully 
discussed in Michael Foster 8 Physiology, for instance, and the physical con- 
siderations are sufficiently explained in most treatises on Optics ; hut Prof. 
Le Conte, in a volume of the Internati »nal Scientific series, presents us with 
a larger view of this subject than comes under the consideration of a special- 
ist. The author is a master of the art of professional exposition, singularly 
clear, full of information, and often original in his own views as well as in 
stating those of others : and, therefore, his work fills a gap in literature 
in an able way. Th? volume is divided into three part*, which concern 
monocular vision, binocular vision, and disputed points in binocular vision. 
After a short introduction, which explains the relations of the senses to the 
phenomena with which they are concerned, the first part gives an admirable 
account of the elementary physiology of the eye, in four chapters which 
concern its general structure, the formation by it of images, its properties 
as an optical instrument when compared with the work of the optician, some* 
of its defects, such as old-sightedness and near and long sight, and the struc- 
ture and functions of the retina. The second part of the work contains 
much that is novel, for few persons consider the relation of their eyes to 
each other. It is shown that everyone sees double, and that most persons 
are right-eyed, just as they are right-handed, because they are, as the author 
phrases it, left-brained. And an explanation is given of the reason why 
objects beyond or nearer than the point of sight are always seen double. 
The superposition of images, binocular perspective, and judgment of dis- 
tance, size, and form, are the other subjects of this part. The perception of 
double images is a distinctive view, and leads the author to certain differ- 
ences from the theories of Wheatstone and Briicke. The third part deals first 
with the laws of the motions of the eyes, which are considered to be parallel 
or convergent motions. A chapter is devoted to the horopter. It is obvious, 
that as each eye forms its image, and as the images are brought together and 
superimposed at the point of sight, the sum of the points which appear 
single, while the point of sight is unaltered, or horopter, may be a line or a 
plane. The author considers it to be a line. This and many other original 
views, well set forth, will ensure careful consideration for the physiological 
studies of one who has already enriched geological science with many new 
facts and important theoretical views. 



* Sight : an Exposition of the Principles of Monocular and Binocular 
Vision. By Joseph Le Conte, LL.D., Prof, of Geology and Natural History 
in the University of California. With Numerous Illustrations. 8vo. 
London: C. Kegan Paul & Co. 1881. 
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i QE0L0GI8TS KOTE-BOOK.* 

MR. John Edward Lee, a wall-known geologist and archicologut, amlth* 
translator of Keller's admirable work on Lake-drcrUtnj/t, bat pub- 
lished the contents of lii.s note-books on geokigiral subject* and 
Nut e-book »f an Amateur Geologist, As be commenced the study of gaokljj 
auspice* of Prof, Phillips at a very early period of the latter'! 
career, it will be easily uiiderst<><)-i (hat the notaa tlmt he baa accuintdstsL 
and here offers to the public in an unvamisbed stiile, extend over a reij 
t>i > t t.-. i < ! h -r ;i 1 1 1 ■ ■ number i if year-; mid as .Mr. Lee has been in ' 
travelling over the continent of Europe tut well as in his own . 
observations refer to an exceedingly wide range of surfa.ce. The ear!i« 
notes of all relate to the In la of Wight, and .1 ■< l >■ from 1 --".'.in which ye«r the 
author also visited France, as appear* from notes and sketches il 
phenomena both at lk>ulogue and in the neighbourhood 
at Hull ut this time, which no duubt brought hi tu : 

I'hillipf, next led to his. devuting some attention to parts of Lincolnshire and 
Yorkshire, and in I -I" we timl him making a trip to the lialtic. Suhte- 
t|ui:Eitl_v the mountain-limestone district of Yorkshire, the \\ b 
ami the (ihint'.- I iiii-iu-iiy, the Eiffl and other parts of Genu ■ 
land, and Italy, were visited by him, whilst others of the notes attest geolo- 
gical activity in many parts uf the United Kingdom, 

\\ lierever he went, however, Mr. Lee seems to have kept bis eyes open, 
and to have noted both with pen and pencil whatever struck him a» remaik- 
nblu in the geology uf the localities lie visited. As might be expected *!*) 
from the disciple ami intimate friend of John Phillips, his geological tssia 
by no means flowed into a single channel, and wo find him taking the taunt 
interest in bits of Btratiyrupliiciil geology, exainpli-s '>!' ■ ■■ ■ I ■■ i ■ ■ ■ ■ 
hi'iival uf strata, glacial phenomena, traps, basalts, ai 
intrusive and i.lleTivi^', matters uf surface geidngy and even pal 
so that the guest at his tublo has a tolerably various repast spread b- f H 
him. A.* a man of tante as well as a geologiat, Ur. I I 
paid particular attention to cases iu which geological structure . .i ■ ■ 
another has a marked influence upon scenery, and many of his beat nkMnll# 
have fur their object the illustration of aunh pom!:-. 

Mr. Lit? has with j ii -tit'*' init'i-pivii-il liis .V ■te-bituk a little » i -■ 
to say, he has included in it reprints of a few papers, chiefly on jmLrunuiln- 
gical subjects, that he has from lima to lime published, hi this way wept 
(<ii jK-rs .hi tin- Sponges 1 if the Yorkshire Chalk, on Saurian Remain 
Weakien, on the Microscopic Structure of the Scales of Leyid 
Geology uf Nelilelon Hill in Lincolnshire, on Cityrei 
is thus a summing-up of the residts of its author's • 
a long Ufe, and naturally its contents are of a null; 
nature. The drsiu ing-i mid sketches make 'J'' 1 plater , and tie 

•upy ninety pages, consist, for the most part, of very brief explanation* J 



Jfote-book of uti Amateur Otologist, By Jedin Edward Leu, I'.OS, 
I. 8vo, London : Longmana, \'tt&\. 



the subjects of the illustrations, many of which, being facsimiles of the 
pencil memoranda made on the spot in the .V'.'e-fowfc, are, as a mat 
course, rough enough. Sketchy as the work is, however, the n-'ol.-^-i-t will 
find mint interesting details in it, and we think it is n pity that Mr. Lee, 
instead of arranging his materials in the order of date, did not adopt H 
sort of rough classification., such as would have served to guide those t 
suiting his Notes more directly to the matters of which they may be 
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TIN.* 

e of those metals in which ri n Englishman may naturally take 
great interest. For many years it was supposed ilml ihe tin whirh 
furuifhed ancient nations with the mean* of making hrwiise was inclusively 
derived frurii the south-western corner of Britain ; and although this source 
of national vanity has been long dried up, there is DO doubt that a very large 
proportion of I lie tin used in the world until ij n i r .- ree ■nllv was o In a inc. I 
from the Cornish mines. Nowadays, indeed, ihe devi'Ioj-iucitt of tin-mining 
in ■ -tIi-t cmiijirii-K, a:.' I especially in the far east, where IbIkiut is cheap and 
the stanniferous deposits in-.- still nuii para lively unlouched, lias thrown the 
old Cornish industry iota the background, and if will probably be many 
years liefore the British stannaries can attain anything like their former 
prosperity. 

Nevertheless the production of tin, although it may be regarded as one 
of Ihe minor niPlalliirgieal industries when computed with OM Of irmi, 
copper, or lead, is of great importance, as the metal is applied to many pur- 
bowi in which it would be hard to tinil a substitute for it. Tliose who takfl 
IB int. teal in mini nij matters will therefore owi-a debt of gratitude to I'r, K. 
lisiingiii.-hud Austrian jfenln^i.it, n lio has devoted a great amount 
of labour to the investigation of the occurrence and working of tin ores in 
Various parts of the world, and now publishes the results of his researches in 
a small octavo volume. 

Aj) will be seen from the title of his hnok.he views his subject from all sides, 
except thill "I" tie 1 riL-tiiali-meltiug, nlllinii<rli some, particulars of the results of 
thisoperstion nrealso given, lie commences with some Bohemian and German 
localities,— Zimm aid. Altenburg, (iraupen ("here tin was mined as early 
as the vear 1200), auJ Hchlackenwahi, lln-n deals with Cum wall and some 
very limited nceurrences of tin in the Iberian peninsula, France, Italy, 
and Finland, and finally describe* the stanniferous region! of Malacca, 
H:inka. and llilitong, and the most recently discovered tin-grounds of 

Au-tri.liii lui.l T.! mania. The natal is treated in contwxioii with th«w 

districts under the various aspect? of its geolowieal dUirihulinn, (he mining 
of the ore, and the history of its production in each locality, the whole 
forming a compendious treatise which has every appearance of being 
thoroughly trustworthy. 



* 2inn, tint gtnliiiii>^/i-ni-'ntan'.-l':frh-hiiili.irifrlit Mt,»-yr.ifti- 
Beyer, An. ISerila: ti. Rainier. IBdiL 
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We may remark, however, that the author adopts that abominable co- 
called phonetic system of spelling, which, thanks to the good sense of the 
Government authorities, did not succeed in establishing itself as the state rule 
of orthography in Germany. It is melancholy to see men of cultivation giving 
in to a system of spelling which destroys the affiliation of the words in their 
language, and this, especially in the case of German, with no advantage 
that can be considered in any way to make up for the loss. Thus, in Italian 
and Danish, we are accustomed to see/ used in place of ph f but this is no in- 
novation, and why people who are accustomed to the use of the ph should 
discontinue it is rather hard to see. In the present book we find our old 
friends the Phoenicians transmogrified into ' Fonizier/ a word at which we 
really have to look twice before understanding what it means. But the 
letter to which these German phoneticists seem to be most inimical is the 
letter h, not from any cockney-like objection to aspirating it, but because it 
occurs in many words where it has not the effect of an aspirate. One would 
think that Germany had found itself to be like the country described bj 
Hood in one of his children's tales, ' a land of Toomeniaitches.' Thus tk ii 
everywhere converted into t, and we get such elegant words as TeU and Tat, 
and from the latter we get Titter, which has a homely sound ; and further, 
the h following a vowel is dropped, so that instead of Jahr, tnehr, $ehr, ofau, 
icohl, and zahlen, we get Jar, mer, ser, one, wot, and stden. With regard to 
these last words we can only say that the German who would make no dif- 
ference in pronouncing them when spelt in these different ways, has a very 
imperfect idea of the pronunciation of his own language ; and if there ought 
to be a difference, what becomes of the phonetic spelling ? 
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CHEMISTRY. 

—Mr. 0. S. Johnson, having o 



■ ■-' .t-iiiHimiia, — Mr. <•. S. Johnson, having observed the fortna- 
f traces of ammonia while passing nitrogen gas over freshly 1 
pni/ed cupper Kt a red heat. «w indued to make further experiments, 
pawed a mixture "f hydr< igen mi'l pure nitrogen over spongy ]>lntin[iin i 
low red heat. The hydrogen was produced first and passed through silver 
lilrnte and sulphuric acid, over pumice moistened with sulphuric acid, 
hrough Nessler's reagent, and finally over f lie spongy platinum. The plati- 
ruin luM tog been heated to redness in the hydrogen and the absence, of am- 
mmia proved, nitrogen was evolved from ammonium nitrite and passed 
brmigli the apparatus with the hydrogen. When the mixed (;ases readied the 
.<it platinum, ammonia was formed, characterized hy its odour, hy its rcnder- 
Bg iIm- Reader reagent brown, and red litmus blue, and producing white fumes 
i-ith hydrochloric aci'l. ■"'■'> iiiillij-'tiiHini.-.- of Ml, w ert- produced per hour in 
his way. Objections having heen raised to this process, on the ground that 
he vapour of some ammoniacal salt might he carried through the apparatus 
iy the rapid stream of gas, Mr. Johnson made further experiments. IJy- 
lrog*nwa» passed through the apparatus and over the spongy platinum, heat- 
ng the latter until it gave off no ammonia ; the platinum was then allowed 
.. cool, and a current of nitrogen wnsjiassr.il through to displace the hydrogen, 
vith the intention of heating the platinum afterwards in pure n 
hat the ammonia salt, if present, might be dissociated and yield its ai 
)d the admission of the nitrogen to the cold platinum, however, a 
sai produced to the amount of i'4 milligrammes in an hour. To avoid all 
nance of error, the author repented the experiments with nitrogen obtained 
rom atmospheric air, but without success; nor was any ammonia produced 
vhen tbe nitrogen evoked from nitrite of ammonium was passed over 
■eated copper before being brought in contact with the platinum. Hence 
t was to be inferred, either that the contact with the copper produced 
in inactive condition of the nitrogen, or that some nitrogen oxide present 
n the nitrogen was removed hy the hot copper. The nilrog>'ii produced 

ernove which it was passed through ferrous sulphate, and then, to tei 
lurity, through s tared 1 1 1 J .i ■ e.mliiinini' I'r.'shk r>'ducc<l copper heated li 

When the gas has passed uver a sufficient Un^lK ot \lw> fwrtmia 
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sulphate, the tube acquired no increase of weight This nitrogen, entirely 
freed from oxide, was now passed over cold spongy platinum, mixed with 
hydrogen, and 3 milligrammes of ammonia were produced in an hour. But I 
when the mixed gases were passed over heated asbestos before reaching the 
platinum, no ammonia was produced until the asbestos-tube had cooled con- 
siderably. Hence the author concludes that nitrogen, like phosphorus, may 
exist in two states, active and inactive, the latter produced by exposure to 
heat. (Journ. Chem. Soc., March 1881, pp. 128 and 130.) 



GEOLOGY AND PALAEONTOLOGY. 

Classification of Dinosaurs. — Prof. Marsh describes the characters pre- 
sented, by a nearly complete skeleton of the gigantic Dinosaur, named by 
him Brontosaurus excelsus, and indicates a second species of the same genus 
(/?. amplus) of about the same size, and several other forms of the same 
order from Jurassic deposits in the United States, fie remarks that the 
collection of American Jurassic Dinosaurs in the Museum of Yale College, 
includes the remains of several hundred individuals, many of them in 
excellent preservation. The series is so complete, that he thinks it may 
serve as a basis for a provisional classification of the American Jurassic 
forms, which may be hereafter extended to include the Dinosaurs from other 
formations in America, and those of other countries. Of this proposed 
classification he gives the following outline : — 

Order DIXOSAURIA. Owen. 

1. Sub-order Sauropoda (Lizard foot). Herbivorous. 

Feet plantigrade, ungulate; five digits in all feet. 
Pubes united in front by cartilage ; no post-pubis. 
Precaudal vertebra^ hollow ; limb bones solid. 
Familv Atlantonauridce. 

Genera Atlantitsaurus, Apatosaurus, Brontosaurus, Dipiodocut, 
and Morosaurus. 

2. Sub-order Stegos atria (Plated Lizard). Herbivorous. 

Feet plantigrade, ungulate ; five digits in all feet. 
Pu1k\s free in front ; post~pubis present. 
Vertebra? and limb bones solid. 
Familv Stegosaurida. 
Genera Sfegosaurus. 

3. Sub-order Ornithopoda (Bird foot). Herbivorous. 

Feet digitigrado ; four functional digits in the fore, and three in 

the hind foot. 
Pubes free in front ; post^pubis present. 
Vertebrae solid ; limb bones hollow. 
Family Camptonotidee. 
Genera Camptonotv*, Diracodon, Laoftauru*,*ivd Nannosaurus. 
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4. Sub-order Thehopoda (Beast foot), Carnivorous. 

Feet digitiprtule; « 1 i i_ r i * >= with prehensile claws. 
Fubes coojsified in front ; post-pubis present. 
Vertebra more or less cavernous ; limb bones hollow. 
Family All<>*mirit!ig. 
Genera Alloxan'-*", Crt<u;<sriiiix, and Lnbt'-iaitru*. 

5, Sub-order ITaij.ofoda (Leaping foot). Carnivorous P 

Feet digin'grade, unguiculate ; three dibits in hind foot. 

Metatarsals much elongated; calcaneum much produced backward. 

Two vertebrie in sacrum ; limb bonus hollow, 

Family Hall/rpodidm, 

Geo us Ila/fojnu. 
6 P Sub-order Ockluiiia (Hollow tail). Carnivorous ? 

Family Cirftiridv. 

Genus Cir'unts. 
Two of the above genera \I)irnr-,il,,„ n :i-| /f.j.V.ywi ;ir» dwrilied in 
new in tlif pajier fmm wliicli llii^ clas-ilinitionis taken. -Sill, maun American 
Journal, May, 1381. 

Silurian Plant Remain*. — Traces of these fossils were first observed in 
1-7". l,y Dr. Hicks in some shale, interstntified villi rather massive beds 
of grit, in I'l-n-v-L'l'V F-liit..' rjiurrj , alxuit two mi lea c;ist ->i I 'ni-wen. Further 
Teae-BTcli has result! d in tlit> di-rovery of iimre sal i-f;irtf>ry '[lecimeii!-, mi'l in 
-ii. .u iiilt tliut they occur ut still lower horizons. The fragments are ex- 
ceedingly abundant, in some pluces being so closely matted lugeiln-r u* In 
form a carbonaceous seam over an inch in thickness. Some uf tln> •.(..■ i i . _ . ■ r j ■ - 
are from half nn inch to an Inch in diameter, mid of various lengths, but 
always in a brokiui condition, indicating that they did not grow in I lie 
position in which they are now found, bul must have drifted here on being 
washed down by river floods. Thin seams of u very pure anthracite, 
showing occasionally indications of plant structure, occur also in ths slalea 
underlying these beds; and anthracite is frequently found composing the 
nucleus in somu large nodules which are found ut several horizons in the 
slates. Among the specimens fuund are some, spherical bodies, iTMOmMhlg 
the Pachi/lhtca of Sir .1. D. Hooker, from the lower bed of the Ludlow 
•eries, supposed to be Lveopodiaeeous spore-cases; also numerous minute 
bodies stated by Mr. Carrutbers to be united in threes, and to agree with the 
forms of the microspores of Lyeop^Iiacwe, both n.-cent and fossil; and some 
fragments, which muy belong to these plant*, and others, probably belong- 
ing to plants described by Dr. Dawson from the Devonian of Canada under 
the name of PsAopkytim, The above testify to the existence of a very rich 
land-flora at the time. Mixed up with these, however, are numeroua-C*!- 
bonaceous fragments of n plant described also by Dr. Dawson from the 
Devonian of Canada, which lie referred to the Conifers', but which is, 
according to Mr. Cnrruthers, an anomalou* form of Alga. The former 
called it Priitola.ritet; the lutter renamed it Nematopkttcut, Numerous 
tmoNMOpica] sections, showing the beautiful stiucturo of this interesting 
plant from the specimens found at Fen-y-glog, have been eiamined by Mr. 
Etheridge and Mr. Newton, am! tbeu conclusion* iign-e in the main with 
those of Mr. Carrutbers. Mr. Etheridge, huwevur, wico^uiwa tate. a.w 
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apecira, which he oils Xtwulophyrm* Hicktii. The rrapmbUoee g*n. 
- very early (probably jliest known) Sim, and the far 
recent Devonian, is very marked, and irulicates a tolerable unit ■: 
character of the conditions, at those widely "eparatt-1 periods. Thi' iiriti- 
grapbica! position of these plant -bearing beds may be stated b 
the borixon of the Llandovery rocks. They are abov .: 
t-j rret immediately upon the Bala «eriw, and some of the bed* ■ 
included in that group. The animal remains found in tbn same bed* tr 
all of marine form;, and the species would seem to indicate a praduil 
passage from Lower to Upper Silurian. The evidence seems I 
at this mid-Silurian period the immediate area where the plants 
discovered must have been under water, and that (be miituro of marine and 
dry-land plants took place in consequence of floods or rapid 
datum. The author indicated that the land-areas must have been to tin 
south and west, chiefly islands, surrounded by a moderately deep sea, is 
which Gnptolilea occurred in abundance. (0M**. Set. 1 

The Jurame B-xk* of England and Frame, — On i 
Rev. J. F. Blake communicated a must important paper to the Geokigka! 
Society, in which he attempted to settle the many q 
arising out of the detailed descriptions given of the reri 
1'aris basin where Upper Jurassic rocks are developed, by 
survey "f them all, undertaken by tbe aid of a grant from the ' Government 
Fund for Scientific Research.' In previous papers the Dai 
subdivisions and their boundaries were adopted without mnteii 
lions; in the present such modifications were proposed as may bring the 
English and Continental arrangements into harmony. 

live distinct areas were considered in this paper: 1. Tb. 
range; 2. The Charentes; 3. Normandy; 4. The P»y8 de V-. 
Boulonnais. 

1. The Southern Range. — This is continuous from the Ardennes throuyii 
the Meuse, Yonne, tee., to the Cher. In the Ardemi 
Oolite' corresponds to our Ostnington Oolite, and to tbe Lower Limnatntu* 
and Passage-beds of Yorkshire, the underlying ' 'I : ' 
equivalent to our Lower OalcareousGrit. Above comes immediati 
Rag with ddarisjtorij/nnma ,- and the atratigrsphical and pi! i 
break is constantly between the Coral Hag and ferruginous Otolil 
occurs. The Coralliau is a well-marked formation, though its character « 
variability. It is divisible generally into two groups— Corn] Kag and Suprt* 
coralline beds, the latter usually being the ' LHceras-\ 
there is a great development of ' Dieeroi-bc 
jUiriyemina, and massive corals, which are gradual]) inti 
Tide part of the ssries in the Haute Marue has been described us vrry dif- 
ferent ; but the author did not at nil agree with U 
graphical determination, end considers the ' Oobte de In Notb 
than the continuation of the Supracoralliue DiceratAn il 
to uniformly nreriie anil never to underlie I lie Am. nwranttimn i 
bitter are Oxfordian. In fact nothing abnormal occurs inl 
whole series has n tendency to degenerate into barren litbi 
In H-Jjich distinctions are lost. Tlw Aauirtian and 
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traced through this rangp, the latter seldom showing any weU-marked Ptero- 
ceri&n division, and the farmer being most connected with the overlying 
aeries. Above these are limestones hitherto called ' Portlandiati," in which 
two tones ure constant ; but above all arc vacuolar Oolites, which alone may 
be truly correlated nith tin- Portland rocks of Llnglanrt. The whole of the 
beds in this range are eminently calcareous, a true clay being scarcely any- 

'2. Tht Chartntcs. — In these two Department* the lower pnrtion i> very 
calcareous, and ilie distinction of one part from another very slight; hut the 
!ii in, both near Cognac and on the lie d'l Heron, yields beds which 
may be paralleled with our true English Portland rocks. 

3. A 'uruuindif.— The complete sequence un here been mode out, from the 
true Oxford Olny of Dives to the Virgulian of I lavre, and the similarity of 
the whole to the sequence in Dorsetshire is very remarkable. ' The Tiou- 
vill.- Oolite ' is the exact representative of the 'Osmington Oolil" ' with I lie 
Hatha tiriis below ; hut the place of the N.itid.-f.int clay is taken by the true 
Coral Bag, whose right position in the Weymouth section is hereby deter- 
mined. The Sii].]-iieiii;illiiii> beds are the sands of Qlos, and the Astartian 
beds are the ZVyomia-beda of Muvre, which are the exact representatives of 
the ' Kimtneridge passage-beds.' 

4. The l'ui/i i/e Until. ■ Nothing lielow tin? Virgulian i- here ih-hh, and the 
commencement of the so-called ' Portland beils ' was considered by the 
author to be at a lower level than it is placed by M. de Lapparent, on account 
of the aimiUrity to beds at itnulogne. The true Portland rock.* ocev as 
ferruginous sandstones with Triijunia yii'hnsa. 

.".. Bauhmua*. — The lloull.'fort limestone was correlated with the 
( Isniiugtun Oolit' 1 . Tht! Coral iiag of I trued rile was Considered ejuinJeuL 
to (hat of [hi' Mi mt tl.-i lifiiicaril*. the *>-call''il I i n i ■ ■ .-i r . > 1 1 ■ ■ h of tin' lat ler place 
being Supracorulline. The Neriueun Oolite and the Grta do Wirvigue 
represent the Astartian. The higher parts of the series have been already 
WBWhtl il. 

From this study it was proposed -thai tie' ' Lower ('.ilciireou- Grit,' and 
almost all the Coralline 'Mite, thould be placed in the Oxfordinu .-■■! ii-.- «s 
tb* upper division, under the name 'Oxford Grit' and ' Oxford 0"lir< ;' that 
the Corallian consists of two parts, the Coral llitg and the SiLpnicorulline 
beds; that tile hUmnieridginii should include the Astartian and Virgulian, 
the Pteroeerian being a subione; that the 'Upper Kimmeridge ' and the 
Hart well clay, with the ' Portland sand,' should make a new subdivision to 
be i-nll.il lljlonian (ihe northern and southern types being both represented 
at Boulogne), which may he divided into Upper and Lower; that the true 
Portland limestone and the Purbeck be united into one group, as Lower 
and l.'pper Portlandian ; the fact of the latter being freshwater being paral- 
lel^! by parts ,if the true Portland having thut character. 

Change! of LevA in Zanriuhirr,~\n a paper on the date of the last 
change of level in Lancashire, read before the Geological Society on the 
6th April by Mr. T. Mellurd le'ude, the author described some observations 
made by hiin at Blundel bands, on the coast of Lancashire, near Liverpool, 
according to which, judging from the position of liigli-wat-r mark, the 
had gained considerably upon the sea between IStlU and 1374. Atom 



976 



POPULAR SCIENCE BE VIEW. 



nf :. I. i'.j: I: Hi" .'!.ji> yi'.-l-. -iiuhr-riili' hit;li- water murk had r- ■ 

and iii ill.' Mili.-c i-iiJ .*. vjiv!-. Tte author e-.t minted their U 

■and that had ao^mtdated in eight years amounted I ■ 

wide ami - yards deep. Allowing a further depth i ' 

in iv have been blown over the top, L (in. is 10,000 cubic 

quantity of sand deposited in eight years on u sbuh-fi 

;iTo cubic yards per yard of frontage per annum. 

ii n1 in the 10 mill's of ooaat ron 
deposit, he gets 105,600 cubic yard* a-< the quasi 
moved; 23 square miles of land, li' feel thick, .-. ■ ■ 

yards of sand accumulated, which, dividnd by the annual 
give iloSO years i\> the age of the whole deposit of blown sarnj. 
adduced other evident* in support of hia vh lhat if thrlut 

change of level in south-west Lancaahin 
have taken place within 9S00 y 

The Pnteacem.— Count O, de Saporta has lately communfcatsd t» tb» 

Freni li Academy an important uol the subject of tie atrppu 

of Auatralian forms of Prutem-eic in the European b . 
■ ■ i preaenl limited to the Southern Hemis] 

natural nm> .riiilimi-, no Australian, including I tat- genera fotrapkR*, 
Cirevtilea, Lomatia, Bankria, Dryandra, &c., which il i ■ 
and a South African represented by Protea, Lwatttndron, Lrunatptrmam, 
|j are nol found in Australia, The plants which bare !»»" 
regarded aa Froteucea: in Eui i 

l.i-t wpt'lle upwards, hove Wu referred to Australian gene 
f {milieu, Lomatia, Bankiia, and Ih-yandra. Ad. BrongnUrt wit] 
inducted a Stenoairpitet among the species brought from Kouini byOaudry, 
M il,' Srijinrtti notice.- certain examples which render the idea 
European fossil plunl- with tho Australian I 

doubtful. Sltiiocarpitn oitWi* by Saporta Grerfir* 

uwsaluba, has been rccogiiijsed by L'nger as repreaentu 
iif a large Araliaceous leaf i < '•■ 
leaves referred to Grrrillen haven venation such as ■■■ 

■mil most of his Ilnnl.-til" nre referred i. 
Dryandm Schraiikii (or Vwnptonu) drya 
fructification. Dryn-utlm ' , ,.,i/;,.„i„,„j jnd primaea 
nian of Ail-la-Cliapelle ure prormhly C'-m/'t'-nt'i-. 
Wiiil. iit the Paris Eooeue and the Arkose "f Brii 
sents the cliunuleri.-tic phy.-i.ifiiiuiiiy "I liriiamtrti , 
renin rk.-, tins allows how I lie evidence in favour of tl i 
in the European fossil flora has fallen off tu value. 
i 1.. ■ il fnund. 

In ihe gypsum ,,f An. in I'rni '■, I he ■■■ L. ap-rw 

Sap., present ii great resemblance to Lomatia linearii and fongtftJia (if 

Australia, hill (hi- uiyiiiin-iiJ ln.-e.- miicti u! 

I . . ... 

o( id,- , rdi v i k>mpaaiui . Thi ■ 

-. p., thai it is hardly po^iM,- tu r,-.-i-t the ■■ ■ 
*ffinit'' '"'■■ L ttna TiVvag ^W\. V 
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differences which would lead to the formation of a wet ion or suhgcntitf 

[WMnO'^T to the Tertiary of Provence. The texture of the lfiiven mu.it have 

f been more coriaceous; the marginal teeth are spinericriit, and the vein* 

generally concealed. These peculiarities and the general form cnum-d the 

fossil plant to he referred to Lomafia ; hut M. de Sapoita thinkn it tnort* 

natural to recognize the plant a* belonging to the Harchtirvlt-m and to 

name it Bacchantes aquensis. This view is supports by the occurrence of 

numerous achenes or fruit of Composite in the fame b*-d* with the leave*. 

These organs, known as Cypselite*, include at Aix at leant four *\*i'w, 

Qfp8eJif.es gypsorum, stenocarpus, Pkiliberti, and vxnu*. The \nnl two agree 

entirely in characters with the achenes of C</niza and Hairhari* ; the. body 

of the fruit is more or less spindle-shaped at the ba*e, narrow <*1 above, 

truncate at the apex, where it bears a wjsaile pappu* of whioh the JUMpb', 

silky hairs appear to be arranged in a single wmn. 

If these facts be accepted as definitive and lea/1 Vt the abandon f rum t of 
the notion that we have Proteace* of Australian type repr*nent*d \u Kurojx-, 
we should get rid of a great anomaly. The pre-amc* in Kurope of tyj** of 
plants now exotic is generally in relation to the pr"«*nt ge jgraphi':aj di*tri- 
bution of those types. In this way many *r*-\Mizrvteri/*4 tpttwr*, **mm 
now specially African, other* Emit**] v> certain part* of Acta, or North 
America, have certainly formerly inhabited Europe, Hu/?;*mji* r*i\'Anli/ttm 
with gradual cooling of the climate, will explain th* di*appe»n»/v^« that 
have taken place; but the direct imj«a:jt*U'>fj m th* h**rt <4 *tn4*Ht 
Europe of a whole colony of p!*nt*, wdi a* ar* jy/w 'j**rv>r<;4 m <nm 
part of the Southern neTnispbere. *ith &f> <M\y#U \u tb* «/t"rw**Ji*f* *i#j*, 
requires for its acceptance tJ** wt*?. *\AfAu>, yr*A. i<>/mpt+* Urm/iuM, IMt 
May, 1881.) 

Affinities of Hal fate*. — Yr:i. Xfriit T*f*v* V, i}* * *&/*** y*trt% i/l 
so called * tabula:**! coral*/ wlyii La-*: W^y h*4 0**%/ <tw, /ss,i'4p*l 
positions determined. Ti* iyir.id sjAvj* 'A Mdt+p'/r* ,* t*/* y<i*t*tt) 
admitted; he ha* LiAM-lf teiwi t^at /V+'',;w« */yi i«* aJIi*-* *•* M*4t^- 
porarian coral*, aai tia* Fm."*f*x *>v£ r*-I*v^ *rCs*«:« jr*^*r* ***> u*\ts+ r-WuA 
to the exist \rq ALn0op"r* ai*£ l'*sr44* ; vui M >•*>-}. i*vsj% **A't*x*.\+A tJL* 
Alcyonarian afiift>e* '.£ IlvA\y*/r*. jua* •*4*-r?»»4 v/ja* f -W; /«-*-*••* '.v «i*. ***u* 
posit ion. Whi r*Tt?i V.- /£ a ^W>># . J'; / V ►•rr ,'„ «t i * , ' T - * *£ ^ *** '/ * ^ 
genus HokftUe*. xats vjvuxv.*, ~ «tt*it.-t «x*u * vJ it* j&jwv*;., i*»* jL>i.»-rto 
been very doai*f il TA'r.ua a f*» C*; * M/ J 5 7 . W v/tai** -m* *uvwx 
me a very rcsEaraa/i* «p»«:tu*a */ *iu* je»niur.Ja «» i^.x # ..i* is^ruaJ ♦r^w^io*' 
is beaatiffiZy preHMr^**C It *-iu* *-.*^sitt}»*» . v'u^t ** %. !••*?#»*".."* *>i*r»> 
inches acrjft^-Ti**- jfcrr* iu\*^ •r.ftr^ut *»»'.%* •» «t.'>i»^ *i«'^a«<! t,tit /e/u^f **y-t 
extending t»v ii»t wmr»- Ti*wf **fljs«* *•* Ku/t^* «hrru4t^ . taut Hv irr. rj*t: 
above tbe ttv**. 3x '.rju*^ w ',«■&* *h* h .ru«jvu*» k- *Aj&. \*. %, vu» J(Uiiav)^>?r.rrtii 
coral/ Mr. lAr^'XLiMit unimu**! mu *.i-if. 'iiur n^ntum rur *, l*iy:iumj: 
from a lajv*? iw*«» *igSi * v»f vn 1»j»^ &•'<•*.«■» "*;u* jr.tv«fVtff jihf! ^»f viutn, * «•§» 
like the cnoL-jujL «j«»iiWi**ti* . utiWiujr ti\ «i; ; w inf. t*w*^ t-u<! < tiiw%:..it «vuv>, r 
all over lib* la% vrf ~*u>. mom. Inm wyte, »w» t* v«d ^mntsrv«d t» it liie 
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Xi the specie* of Bean found foasQ ia the bone-care of Loenn, 
Ariege. Of the Wimi mammala found la Uii* cavern ( Vrtmt tpnmu, 
Frti* q*tamt, Rftna ipthta, and species of JUraocvrM, Or™, to.), ::-• 
Great Care Bmi i tVnu i}f!tt*j\ is toe most abundant, at teart a hundrri 
crania of that animal earing been found. According to M, I 
abundant mat-riaL- proie the great fixitj of character of the spears, aal 
whatever modifications some of them ma* show, they ate ilmi aa**) 
distinct from the common Brown Bear (Crta* artit*). Lately, M. Marty 
has found two skulls of Bear* quite distinct from any that bad prmonwj 
been mi't with. One of them, a perfect ahull, meaning along its lower 
surface, from the incisor margin to the occipital foramen, 35 centim. (nor!; 
14 indies), and baa ait teeth behind the canine a* in I'm* arri-n, imuadat 
unlj three a* in V. ipelau*. Th : s piece of evidence la borne out by atbtr 
cliaraclei*: and M. Filhol identifies this animal with the living lln.wii Bntr, 
which, tlierefore, he consider* cannot have descended from tin 
Bear, but must have originated ebewhero, probably in N>>rth America, aiat 
gradually advanced to take the place of U.iprlaiu in Southern Europe, 
wh.'re it B-t ill i Mam, 

The other specimen is Hill more interesting. It consists of I 
part of a bear's skuli, having four teeth behind the renin* in the upper jnw. 
and the first premolar separated from the canine by a space ol 
Hence the fare was very short, but it was remarkably mitt 
behind the carna$sial tooth is 10-.'! centim. The nasal aperture iohium 
64 niUlim. arri«J", Bird only 51 from froni to back, while in all oilier known 
bean the antero-pueterior diameter ia ibe longer. Tie forehead i* depressed 
and nearly horizontally continuoua with the nasal bone?, it.- elevation abov* 
the palatine arch beingonly ll>8 ceDtim. at a point where the forehead hat 
an elevation of 11-8 centim. in the Brown Bear, and 1S*;( centim. in the 
Grent Cave Bear. The width of the forehead is nearly equal to that of tii- 
largest crania of I. 'rout spetaui. M. Filhol regards this fragment as indi- 
cating a new species of Bear, for which he proposes the name of Craw 
Gaudryi. 

A Juratric Bird. — Prof. Marsh describes a fossil bird from the Jurassic 
Alttinf-i'tiuru' beds of Wyoming, which will be the oldest repre«nlative o( 
the elate if Archtt'qittryx ia to be regarded as Reptilian. Prof. Mnr-b naina 
the aperies Laapteryx prinetu. The type specimen consists of tin 
north >n of the skull, which indicates a bird rather larger than a blue heron 
{Anita htroditu). The bones of the skull are pneumatic. The occipital 
condyle is sessile and hemispherical, flattened and slightly grooved abort. 
Tin- occipital foramen ia nearly circular. The quadrate bone had an undivided 
bead. In general character the skull seems most nearly to approach lbs 
Untitle. A single tooth was found in the matrix, resembling those iJ 
Ichthytimi*. Prof. Marsh infers that Laoptcryx possessed teeth and 
vartebr*. 
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MINERALOGY. 

Ptumorite in the Isle. of. Van. — In the Trantaotiont of the Royal Geological 
Cornwall, Mr. Warington """ 
plumosite in the Foxdala Mini', Isle of Man. Tlie mineral is n double 
suIjiIikJi of lead and antimony, and it- occurrence here is especially 
inter- -tiiiur ji- nn aiitinuminl minerals had jir>-nuiisly Wn known from thete 
mines, which furnish a richly argentiferous lead ore. Plumoaite o 
thti ILirtz, where it is known by the cognate name of Federerz; in liritain 
tt is exceedingly rare. The specimens described by Mr. Warington Smyth 
eoneial, tie usual, of very delicate* fibres, which appeur to be matted together 
like a tuft of dark cotton-wool. The microscope shows it to form prismatic 
crystals, of brilliant metallic lustre. 

Jadritr. — M. Ihimour has communicated to the Academy of Science* 
l C-jm/itet Rendu*. (!th June, ISrtl) the results of some now investigations 
made by him upon jadeites and other sodiferous rocks. Jadeite is employed 
in India and China in the manufacture of vi 
met with in the worked stale in Europe, in prehistoric burial-mounds and 
caves.* The fact that no stone of the kind hns ever been found in the rough 
stale in Europe, ha* led to the aseumpiiuu tli.it the objects found here were 
imported by immigrant! from the East . anil M. Damour has investigated ill 
geographical distribution wilh the view of clearing up the question of tha 
real origin of the European jadeite axes and ornanents. M. Damour gives 
analyses of undoubted jadeitcs from Asia, and of portions of worked sfone 
poseemng the same characters obtained in Mexico, Bud in comparison with 
these some analyses of tniiKr.il* obtained in Lnr"|>>\ I'spi-cially in the region 
of the Alps, which lie thinks make out a strong case in favour of the 
occurrence of judeite in Europe. The following are the. analyses of the 
European specimens : — 
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Boea 


100-58 
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So 

Ni>. I. Ua specimen from Monte Viso.in lHedmont ; II. from Ouchy, near 
Lausanne; III. is part of a stone axe , IV. is a rock from near St. Marcel, in 
Piedmont, where it was obtained from a small vein : V. from a pebble from 
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' See an article by I". W. Itudler in Popular 
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!lii- ii.lli'v of inata; urn! V!. a (rreeu substance containing gamel 
a rein in .■ 

Tin-- iiLit 1 1- < i- rvmark; iiju>u the similarity of ill".-' 1 ni 
: . 
uui- in position, bul in 'In' f 'mi .it' pvbblea and ! 
gin ten ur by running water, i 
| .■ t i. 1 1 1 1 = ■ inu-1 exist, And Hi.' author infer* tii 
b.ililv in Mexico iiniI in thi' ii'l'ioiim ImiiliTiii;; mi iln. Aim 

iiii.iK.-i- 1 "lk-i.'1'vnii'jn- jfiii-H by linn in hi* present paper would seem to 

show that t '.-■ • ni.-. i on the European oaotinMit, probably 

in or near the chain of the Alps, If (bis be the caa , 
invoke a migration of ... i| JB prelaw 

of pdette uh on this continent. 

i. i, . iil.iii-ii An-: ,.„:>. Mi W. I:. Hi J Jon describe* udflgmM {SSliwwn'i 
Journal, Ju le ItWl) twin crysUbt of zircon obtained by him n 
locality of Apatite And -[i tj.i--n- ■ ui i;<ufn>w, Cunndn, The twinning plane b 
iin .-.i:i:.' .:- iii i-.i->,i'i'iif mid uitrite. Tiu> twin figured by ni 

"VI ;{"> i*riitnin''S, uii'l ivin ri.'iiiiii']iji1>ly periVt acid bail ■■■ 

pliuifs. Ii.- colour wee deep brown-lake, and it tm I 

I'M-vi.m.-li ilew.-rib.Tl twills of zircon have been microscopic and que* 



PHYHIG8. 

Electric Storage of Dynamical Energy. — The following Mitel 
which have appeared in the Timet during May and June, mark each aoKpoc*. 

in tlw history 'if electricity I but ihcj ile.-ierw ri;|iriiilin ::._.-. 

' Wi/ jmlili-h Uii« iiinriiiiiy : i l,.|i,. r fniui Sir William Thonu 
rnentary to that in which '' F. I. R. S./' on the 16th of M.i>._ 
ancoiiM ni the conveyance from Paris to Glasgow of-u box oonta 
electricity iii a portable form; and it would certainly appear, frou bott 

emni ii'aliiin.i, l.lial applications 1.1" e ver-\v ide n ing utility ar« ■ 

tii't'.i.' ill, in,,.. i |u,[i'iit of natural forces, which sceius to be rapid 
inpal.-o the moat manageable. Our readers will mnoinVr lbn! 
related bow be witnessed m ['aria, on the fth of Mm, the c Lurking of four 
of Faure's batteries with electricity obtained from an ordinary (iroi»'i 

bAllery. The four bnitirii-- »n>- riiiln-i-,1 in a ".omlcn box, a! I aenoit 

fimt iii uieii*uri;iiit'iit, and Wishing, with its contents, 

box of " ulectric energy " was banded by M. Faure I eoi 

who brought it witb him across, the Channel, and, aft 
...;:.-. delivered it In Sir William Tbonuson at O] 
Lite power of ile charge migbl bu made the subject of observatii 
riin.'iit. Tli- bo* was believed to contain electricity in quantity eanavafeal 
to ■ million foot pounds; And we now Ileal thai [hit 

!,;, experiment. N*o tippn-ciable loss was in. Hired diiri 
ait; ntid the en.-rgy | ut int.. tlie ('iiir batteries in l'lin 

"i-d to waking nuznoMi in UV.vs^ow. fie 
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the apparatus iinrlpr command flint one of the four batteries WIS detachiil 

from the reet, and carried to another place In supply the force i ■ ■■. 

an electric cautery. A single halteiv, when ivdiiir^i ■: 

tern days, and then it yielded to Sir William Thomson StOfiOO to 

so that the original estimate of a million foot pound-, for the whole b [ wu 

prvibnblv somewhat under the murk. Further investigation! Ml required hi 

order to discover what are the limits, if any, of ths povi u to piHMii I'll elm- 
trie energy unwasted ; hut sufficient is known to show that it can lie 
served long- enough for many important practical applications. That « 

Sir William Tli' ioi -in ri'jjitrdfi as likely t" hi' llie firsl , »l leii-t in point .. 

time, is tin- 11 f Faun's batteries in private bouses, as ra n srvoiw ol elM 

tricitv for dninestii: purposes, .-in h a- liffhtiuj.', Iji-jlI is:_- . . 

machines, so that no interruption of action would he produced by a letnpm 

rary iiuerruptiou of (lie electric supply -riven hy any main engine fr » hieh 

it ma derived. 

Sir William Thomson reminds ue that the storage off Otoe I 
wards put to practical Uses is a very old contrivance, of which wn may sr 
illu-i i.>:iun 1:1 the winding of a watch ; and also the storage 
has long been farailinr to men of scii'iic a- a Uii-ihviIi-hI |» ■iljilu 
is often a loop step, however, from ihenretioiil pos»ihi!ily lo practical achieve 
ment ; and what we are now called upon to notice is no longer that hi 
Merage maj perhaps be sooompHsbed at soma future time,, bui toal it 1 
actually been accompli si led upon what may almost ho rnllm! a work 
wale. Many philosophers are of opinion tlmt electricity, at DO tlistimt il 

will entirely supersede tires fur i liiiijj and healing, fiteam an a motor, 

gas and oil as UlnminBota ; hut hitherto it has been felt it* a peal dUBoll 

economical rather than scientific, that the agenta proposed to I 

were ih.'mselves actually employed to produce the ■■!• el ricii i . 

asserted, moreover, that the sectional area of the metallic eouilii. 1 . 

to deliver elect neily in i.piiiiilitiea suited In the reoinreun'lits of low n 

muni ties would have to he enormously large, and in a BOmapoadle di 

costly; and that difficulties with regard to iusulntinii would I., i 

uemmeaoe, But electricity ia to be obtained From the ttnoephere trj | 

mechanical means wherever any kind of motifs power la available) W<)>U 

it can be stored in portable batteries and carried abaU.1 I'm u B, Ik H 

to be no reason « by it should not !«■ obtained in verj In 

r Water mills, bj meehanie;i.l ' Irivunee:. f..j- nliJi.n. 1 1,. II , 









of the tides, or by other applications of the powtl ffUdl 

offers for the use of man, and whirl ■ , 



' Sill,— Th" marvellous " bo\ of elect rieity " described m a lelte. i,, >,.n 
which WH published in the Tiini «nf Mnv 111, Ine, Im'i'H lubjeotad I 

and measurements In my laboratory for now tl mis , i i 

think ii maymtereel your reader* to learn thai tharaault itbow; iw pal 

dent to bare been by o., means ti mini-i ■ .1 1., il great pro 

I am com inning my experiments to learn the beliavlour of the i 
in varied circnm stances, and to do what I can towards llndiug U11 Iv 1 « 
ifting it for tbe different kinds of ... i\ni \,, w\i'w\\ v\ \ ■ v,A„ ■-■ 



rorrm kiiwoe bkvi*tw. 



rtl.SoaiM.tt la 1 

the •object ■ <w» I n 

i of Ike bum* antectf * aarf 
r life — u asfiration which I •sued; 



At the reqwaet of th* Cooa-tf * 

I bar* eUdlT amaWtawrn Una work, 1 

bfj haw!) 

utK**aingly (- h muii atpiratissn of i 

diced lo upon or to hope to Ire to h 

' The problem of coar-rting energy into a ptun ta M u and atorafca* fans, 
and at laying H up in More Gaarenieatlj for allowing it to be and at 107 
tin*- "-hoc wuUd, » >.-oe of the mart intonating and important in tba whol* 
range of avna. It is sotted on • mall stale is winding up a watch, in 
drawing a U.w, in compressing air into the r-cviver of nil air-gun nr >■* ■ 
Whitehead torpedo, in wwdintr up the weights of a t-l-ca or nthex «n+»V"' 
driven by weights, and in pumping op water to a height by a windmill (nr 
otherwise, a* in Sir William Armstrong'* hydraulic accaniul.' 
purpose of u&Dg it afterwards to do work by a w»t-rwWl or water prmsrar* 
on a piston. It U salted on a larc scale by the application of boming fuel In 
HMlt tine, to be afterwards used iir W drire an abctlD- 

inagiielic engine by becoming-, as it wers, tuunaltad in a tiiltaic UsImi. 
Kver since Joule, forty years ago, founded the thermodynamic theory of 
the vtiltaic battery and the electro-magnetic engine, the idea of applying t)v 
engine to work (he battery backwards, and I ia jiiral energy 

lo tin' materials so tlint they may again act voltaic-ally. Rod again atld again, 
has bi«n familiar in science. But with all ordinary [on 

ition 'if the idea to any purpose seemed hopeleaal* distant. By 
I'liinitfii admirable JifltuTttrof the lead and peroxide of lead roltl 
alluded to by your correspondent, an important advance toward! 

ru; and now by M. I'a lire's improvement prac- 
tical fruit 1*111 

' The '• million of foot pounds" kept in the box during ita fleventy-tw* 
hours' journey from ParU to Glasgow was no exaggerati 
mils, after being discharged, was recharged again bi 
nd then Irft to iteelf absolutely undisturbed - 

■ ..I. 'I in L'IK.I,I.KX»f..ot pmiinlh (or « little more than a nuarterel 

s milliou), This no! only confirms M, I:. 1 1 on the fair 

of which your correspondents statement was mnde; ii 

that the wajrtVi of the atored energj tat, and tlint for dayi 

■! .ill ■■!■ ni-, ii may not be of practical moment. This, boirmTj 

■ I which c ilv I"' answered hj careful observatii a 

■uremenU carried on for a much longer time than I have hitherto had b»a> 
Vastigating tho Kaure battery. I hare already ascertained enough ■■ 

■ ■ make 1 1 quit* certain that it solves the problem of storii 
energy In « manner and on a scale useful fur many important praci 
cations, 1 1 has already had in this country one interesting ap 
tin ,iii.i[|i:,i in respect to dynamical energy used, but not of the • 

!■■ inlii'i'iii'o, of all that may be expected of it. A few dajra Iga 
... ri.f. 1 luorge Buchanan, carried away from my Levi ■ 
uf the land colls (weighing about \ri lbs.) in bin carrii 
tbn thiok platinum wire of a galvanic tcratatr and hlnnrlsTarilj ■ 
nevoid tumour from the tongue of a joun dnau e** tuna. 



3o*> oitTaduu would have oceu^uu. a 






ordinary chain (crateur, as it must have been had the Faure cell not been 

available, because, in it iivuiii.-turii'"-. tin; surgieiil ■-I^lI rii-inn, with his 

pamplnrnalia of voltaic battel 1 ; tu be set up beforehand, would not have been 
practically admissible. 

'The largest useful application waiting just now for the Faure battery — 
and it is to lie Imped that the very minimum of time will be allowed to paaa 
till the battery is supplii <l fur llii-< iipplirution is t» do f<>r the electric light 
what a water cistern in a bouM dec- tot as incori-tuut water supply. A 
lit tie li-itti-rv nf .fVi'ii iif the Imvi" iI.'.-i-iiIh d M your correspondent suffices 
ffideacence in Sunn nr Kdisi.n lights to the extent of OS* hundred 
candle" ftii ("ii hours, without ntty perceptible diminuth n of brilliancy. 
Thus, instead of needing a gaa-engine or Mii'jim-i-ii^iiii- In lie kept ul \\ ink as 
l.'ii/ M ilu' light is wanted, with Dm liability of the light failing at any 
BOW ni through the dipping at a belt— an accident of too freq u ent occur- 
rence—or any other breakdown or stoppage of the machinery, and instead of 
the wasteful iuaotuily during the hours of day or night n !■< n tin- Iil'IiI is 
n-'t required, the engine may be kepi pong all dny pl i mI -iippiil at night, or 
it may lie liept going day and night, which will undoubtedly he the most 
economical plan when the electric liirln cmne- int.. yeuernl enough use. The 

Faure Becumulalor,alwBy-kepl chalked fr tie- engine by the house-supply 

wire, with a proper automatic atup to ilei-k tin- .-njiply when the accumu- 
lator is full, will be always ready at any hour of the day or night to give 
whatever light is required. Precisely the -inii- mha.i(:i:.-rs in ivspivl of force 

will be gained by the net: ti inula tor when the electric torn supply is, a- it 
surely will be before miiuy yean pan, regalirtj uaed Rw turning lathee and 

other machinery in wurk-ln ps and sl-w ing tnnrliiiii-* in private bouse J. 

'Another very important application of the nivumuhitor ii for the elec- 
tric lighting (if .•.r.Miii-liips. A dynamo-electric nuiehine of very moilerate 
magnitude and expense, driven by a belt from a drum on the main shaft, 
working throujfh the twenty-four hours, will In ep n Inure aeeuimihitor full, 
Bod thus, notuithatiiiidirj-r irrejruhiritiss nf t li- - speed of the engine at sea or 
.■cibsImiihI sluppjiL'is. I lie supply of electricity will always lie ready to Bnj 
Swan or Kdi-on lamps in the engine-rooms anil cabins, nr arc lights for uuist- 
bend and red and green side lamps, with mow eertainity and regularity than 
have yet been achieved in the gee supply for any Iujiiso no ttttV fii-ma. 

• I must apologize, fur trespassieg mi largely on your space. My apology 
is dint tlie subject is exeilinu' vrciit interest among the public, and tlmt even 

f slight an instalment of infnimatioii and suggestions as I venture to nffer iu 
a letter may he acceptable to mine nf your nadi-r-. 
' I remain, your obedient servant, 
' William Thomboi*. 
' The University, Glaiyuw, June G.' 
' Sir,— Although agreeing with every word of Sir William Thomson's 
letter in the Times of to-day, and entirely sympathizing with his enthusiasm 
as regards the marvellous box of electricity, atill I feel that it would hava 
been desirable if, in pointing out the importance of this new discovery, Sir 
William Thomson had guarded against & very probable misconstruction of 
the purport of bis letter. 



POPULAR si:n;M.K invii'w. 



' The mstni of storing and re-storing mechanical energy form tho Mpba- 

i\"n n iily of sir William, bat ■ 

ever,! question of degree of the amount of nqmndirilli 

■ i the reservoir, the standard .: ■ .Intidcura. 

: i :!il- wej , one CftOOOt bul ;l-h v. 
i'. 1.. (!;■ r. ;iti/nli'ni ..f '"if :■ -j-iss-;i 1 1- ii an ippaiDiing. 

Large numbers are apt to create n wrong impresiioi il ■.•-■■ . . 

is the unit. Eleven million font pound.- ■ 

of ordinary coal- So thai iu th 

■• in i oz. of coal, which might have boon brought : 
or anywhere else, in a waistcoat pocket, 01 have beei 

■ When m.' come to lilt- LjUi^Liuii of the actual cm ■ 
mechaniciil juii-]i:«>-i, ibis i icsv i» .if fundamental importance. '' 
of the same amount of energy in the new form is BOO tin 
equivalent amount of coal; and ad n matter of econmny, -uppoeinB Mini 
energy in this form might he had at a certain spot, und no captl 
quired for it$ conversion or storage, and that the energy wore directly appli- 

Callle, i> C'fldd Rot be ell I li'-l 1. 1 1 II I ill--, rli;:l is III nil,- 

economically useful ten miles front its source, although coal had to It camnl 
one hundred miles to the spot. This limii. in truth, falls far .-!■■■ 

:■■ I ii> ■■':,. i mi. Miis. \\\ b ire ropes and b) ■ 
air or steam energy may lie economicallj transmitted I 
miles. So that if this i? the utmost of what Ls lo be done by I 
slorugv uf cH-lriritv, thi, Jisci ncry ndiLi anulher dour to Uinse which aw 
hopelessly closed ngninst the possibility of finding in Niagara m ■ ■ ■: . 

power a substitute fur our coal, even when ll bjed is ni.tn ■ 

much more fur iluu juuji. is... for whii.li live-sixths of our con] is u.wd — 
production of heat. 

'It is very important that the people of this country should p 
eyes to the fact that wo fur from tin iv li.-in- ■,< ^irnin- prospecl 
tioii of the problem than when, about twenty year* ago. Prof. Jevons nusnl 
ilio iilnnn. tin' pro.-peel i- now much smaller. In the 

bill lie- of stri'l ropes, II aids 111 pijirS, II lid >.'l"'Ct liuii v along i* In 

been Hot only inves! tgatt'd, bill prarl jriillv i • ■ --. t . ■ . 1 mi.l found altogether want 
ing, And now, it would stem, Ihnf the storage of electricity must he n!d» 
h> < !l " i] ~<- 'OsHonio . 

' Owe/ie VeBtge, Ji'ii'- '.<.' 

'Sra, — Your lending article in the Times of yesterday on thi 
electricity alludes lo my having spoken of Niagara as 'I 
chief motor for the whole of the North American Continent I 
allusion too much to let it pass without pointing out thai tin 
originating iho idea and (.■iiehiiig hn« ii : 
eleel ii.- transmi don of energy i 
I holievo, !)■■ -nliji'. 1. in hi* 1'resideiiliul \ ■ I- ] 

Institute in Miirtli, I.-; 7. 1 III} Self ;p.|l.r oil The Bllbjl 

i/iews at the Iii.-iiiiiii..n ol rivill'i '■■■<. In May, 

1578, in ioi.-iivei lo questions pui lo me ; .- 
fiotua uf C i . Electric 1 .igntang A tJs.Ne aw <gv\nuta vft. ■Ont <v^*.oUt<[ 
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of topper Conductor that wijij] 1 In- suiliihie f..| ill'"- eciin.miicul tv;iFi>iiii--'ii>Ji 
■ if power Ii> r-Jri-li'icily to in iv stated iJinliinct- ; and. Inking Niii.^ahi as i-\- 
arajile, I pointed our llmt, under practindly realizable conditions of intensity, 
a. copper wire of half un inch diameter would suffice to take 26^fiO-hOT8i 
power from waier-whcels driven hy the Full, and (losing only twenty per 
cent on the way) to yield 21,000-hotse power at a distance of ;!f Ml llrilish 
statute miles; the prime cost of the copper ami mil ting to iVl.OOO/., or less 
tlnu 3/. per horsepower actually yielded at the distant station. 

»' I remain, Sir, your obedient servant, 
1 William Thoubox. 
' The Uniixrgity, Qlatguw, Jane 9.' 

'Sir, — Prof. Osborne Reynolds' letter in your issue of Saturday, the llih 
inst.. shows that the tirst idea that has occurred to him on reading Sii-Willhnn 
Thomson's let I, r on Faure'a " electric store," in probably what must have 

.- 1 1 .-_-.■■. 1 1 ■. I ii.vlf t" many enginai re, rfi., that Ml far trotn a million fool i ndi 

being s surpri-mg! j large amount of energy to be stored up in a mass of 

75 lbs., it is really evtrcuicly -[null ; and, itni 1, whih- ero-siho out fnnii 

Paris at the commencement of lout week, I could Dot help thinking that the 
■ m -'re bringing to Kngland literally in the smuts and blacks on 

their r'-mt- f;i!- ni--i" energy than bad ever I n imported into this country 

stored tip in Faure'a secondary batteries. Hut although it is perfectly true, as 
Prof. Reynolds si-ys, that 1 J oz. of eoal contains nhnul one million foot pounds 
of work stored up in it, this is by no means all that has to be taken into 
account in considering this question; for where is the engine for extracting 
this million font pounds of work out of the H oz. of eoal ? Indeed, is I'r-'f . 
Reynolds would himself tell us, we cannot get much more than one-tenth of 
this amount of work out of the lj oz. of coal even in our largest steam- 
engines, which burn many pounds of coal per minute, and in which much heat 
in wasted in getting up sleani. And if we come, to the burning of one single 
14 oz. of coal, 1 know of no engine that can obtain from this even - thou- 
sand foot pounds of work, or one thousandth of the energy contained in the 
coal, if no other coal be used in getting up steam or in previously heating the 

But if a secondary battery he allowed to drive a m ague to-electro-motor 
a dynamo-electric machine with separate exciter only even for the short 
necessary to develop?, say, thirty foot pounds of mechanical work, I 
anticipate this can be done without using up in the whole process more than 
about thirty-live fool pound* of tin- electric energy -tored up in the reservoir, 
since the experiments of Prof. Perry and myself have shown tlu.it, when 1 he 
motor is running at high speeds with a light loud, BS much as ninel v-three 
]-i- cent i-f the electric energy put into a magneto-clectro-motor is given 
again as mechanical work measured by an absorption dynnmnjiieti-r. 

' It may be answered, however, that if a small bit of coal, although con 
taining a vast store of energy, is not of much practical use in producing work, 
in tinnciNiniiiii of the absence, up to the present time, of 11 proper converter 
of the coal's energy into mechanical work, at any rate a small galvanic 
bi.ti.rv (a little Danicll's cell, tor example) is not only a vast storehouse of 
power, but contains a store which we have the means of converting without 
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nppm-i.iUi. low mi, i electric li i i 

Faun's box n bettor I 

question has prtvirwly li]..' mnv anawer iu " W by is I 

d<-r better than a pim-h of wet ': " Nol I. ■ ■ 

BMTgJ in |1 than til. r.-d up lu I lie dry gun- 

■ 
whereas thnt in the wel i'nn only be utiliwd bil bj last- So 
l>...\i"i will illiimiiiiii.' i.ium 1-iiu. i r . il Swan lamps to* i 
Hamuli's cell*, nr, indeed, twice llmt iniiul- 

power millions of lime* ns great as that in Faure's boxty, will Di I 
a single Swan light. 

' Hut while fully reriignisiirijr the givut inlvtincp mad 
n.iiilS, and the recent improvements introduced by 1'aurv, I d.p nut wi.h U 
giva lit" impression thai the problem it by any means complel 
sine,-, if the attempt that Mr. Perry and . 
eWtrieians, are making to convert at a Uiw temperature the an. 

into Hlectric energy,! ;ta with even a fairly aatirfacl 

iV:i hi ■ i i if fiiiilpiip, ii urny In>, a puff ..if gas rich in carbon orou 
will be a practical store of energy of incomparably greater n ilu 
aecondar.v'battery. „ , Ana8B . ' 

' 7V City and Guild* of Loudon 7Wli>u<„I CbOfJV, 
' Fin/bury, June IS.' 

frfofe Lightning. - -M. Tn-cul records thnt on Augti 
thunder-storm in the day-lime, he *aw :i i.rt hrilliniil 
from a dark clone]. It was nearly white, having ■■ 

tinge, was distinct ly eireiiHi.ioi iln-.l, .diu-Mly .1 iulmIi'.! in f.nui, and had the 
appearance of being %>40 eenthns. long and about L'-'i ceittinis. wide. Ths 
two enda w.-re somewhat conical. This body was risible only f.>r a few 
momenta, when it disappeared seemingly by eiiterii 
but before its disappearance, it threw off a small quantity of it 
which fell vertically likt a heavy Imdy, leaving behind it a iumin 
the edges of which were reddish .sparks, or rather globules, I ■ ■■■ 
was nol radiant. The upper part of tha train becai ■ 
(ailing body divided and man afterwards became e^tingntalie i ji 
passed down behind the bouses. No sound was heard, ahhon 
waa not distant. [Comptt* Rendu*, 28th March, 1881.) 

The S/ieed of Thought. — It is not unusual to hear the express 
as thought' and ' quick ns lightning,' used as if thej ■ 

there ia a vast difference, comparatively speaking, between tliem. The 
el-'Ctric impulse is prm'iicalU iu-tantime.ius nver, say, a mile ..i 
if we may trust the experiments of Ifeluilioltz and others, the wave rf 
thought requires about a minute to traverse a milo of nerve, 
ehock is Ml siniuliune.iii-ly in every pari of lie body, but tha sensations of 
touch and of pain occupy an appreciable time in making tin i 
on the scnaorium. The. interval between the reception of an impr-xsi.nl by 
the brain, and ita perception by that organ, is, doubtless, inexprcMirihly 
abort! lnii u we can only teat the speed of thought by noting th* tin* 
lie application of the cause of the thought and U» 
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exhibition of some indication of its reception, we find that the lime 
occupied can be measured. Tlius Hindi, by means of s suitable apparatus, 
fiiiiiiil tlmt a touch upon the face was recognized and responded to by a 
predetermined signal operated by hand in one-seventh of a second. There 
b no doubt some loss in the purely mechanical operation of making the 
signal ; but nhen the different senses are tested in this manner, and a mean 
taken of nil the experiments, we find not only that the act of thinking is not 
so rapid as was imagined, hut thnt the speed varies with different senses. 
Tlnir- the sense of touch was found to rc.-pond in one-seventh of a second, 
that of hearing required one-sixth of a second to respond, and when the eye 
was tested, one-fifth of a second was occupied in recognising the sijmal. 
The distances travelled by (lie nervous impulses in each nf these cases, was 
as nearly as possible the same, and it folli.ws therefore that the recognition 
of them required more time in some cases than in others, Wimple as it may 
seem, a number of operations must he )K>rformed by the brain [n nciiimr 
anil recording the reception of the impression. There La the transmission of 
the sensation to the brain, its recognition, and then the determining to 
iiutlic tl»' signal, the transmission of the determination to Uw muscles, and 
the movement of those miltrlf llirseh showed, as explained above, that 
leas time was required to recognize a touch than a sound, and that it took 
more time to in than to hear, but the question still remained as to what 
part of ttie time occupied was consumed in the act of recognition. Ponders, 
by means of some very ingeniously constructed apparatus, solved (lie ques- 
tion. He found that the double act of recognizing a sound and giving the 
response, occupied seventy-five thousandths of « second, of which forty 
thousandths were occupied in simple raoOgltxtioll, leafing thirty-five 
thousandths for the act of volition. One twenty-fifth of a second wm 
occupied in judging which was first of two irritants acting upon the same 
MM; hut a slightly longer time was necessary to determine the priority of 
signals sent by different senses, as those of hearing nnd peeing. These 
results were obtained from a man of middle age, the young were slight iv 
quicker; but the average of many axperinient* showed (hat the time 
required for a simple thought was never less than the fortieth of a second. 
From these experiments we learn that the mind cannot perform more than 
twenty-four hundred simple acts in :i minute, and that the stories we have 
heard from persons rescued from drowning are simply exaggerations. 



Paired Fin* if Shark* and Ray:— Mr. F. M. Balfour lately read before 
the Zoological Society a paper on the development of the skeleton of the 
paired fins of Klajmolranchs, con-ideted in relation to its hearings on (he 
nature of the limbs of the Vertehraia. The object of the investigations re- 
corded in this paper was explained by the author to he twofold,— vix., on the 
one hand to test huw far the study of the development of the skeleton of the 
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fins supported the view which had previously been arrived at by the author 
to the effect that the paired fins were the specialized and highly developed 
remnants of a once continuous lateral fin on each aide; and on the other 
to decide between the views of Gegenbaur and Huxley, and Thacker tod 
Mivart, as to the primitive type of fin-skeleton. The author pointed out that 
the results of his researches were entirely favourable to the view that the 
paired fins were structures of the same nature as the unpaired ; and that 
they gave a more general support to the views of Thacker and Mivart. They 
clearly showed that the pelvic fins retain a more primitive character than 
the pectoral. Conclusions were drawn somewhat adverse to the views recently 
put forward on the structure of the fin by Gegenbaur and Huxley, both of 
whom considered the primitive type of the fin to be moat nearly retained 
in Ceratodus, and to consist of a central multisegmented axis with numerous 
rays on its two sides. It appeared, in fact, that the development of the 
skeleton demonstrates that a biserial type of fin like that of CeratodutcwM 
not have been primitive, but that it must have been secondarily derived from 
a uniserial type, by the primitive bar along the base of the fin (the bath 
pterygium) being rotated outwards, and a second set of rays being developed 
on its posterior border. 



: CLASSIFICATION OF THE EOZOIC AND LOWER 
PALEOZOIC ROCKS OF THE BRITISH ISLES. 



By HENRY HICKS, M.D., F.G.8., fto. 
[Plates VII. and VIII.] 



' additions which have been made to our knowledge 
ia regard lo the history and classification of the older 
j in Great Britain of late years have been very numerous, 
I yet but few attempts have been made to array them in 
. jtematic order, so that their importance may be readily 
recognized. The most elaborate account recently placed be- 
| (!'Ciliijjie;il world is the address of (ho President of the 
Geological Society (11. Etheridgc. Ksq., I'M I S,), published in the 
Slay number of the Quarterly Journal. An admirable paper, 
also, on a portion of these rocks, by Professor C. Lapwortb, 
F.G.N., appeared in the June and July numbers of the Gco- 
hrjkal Mmjitziiie for this year.* In the present paper I pro- 
pose to give a brief connected statement of the present state 
of our knowledge of these rocks, and the classification which 
appears to me the most natural one. Some new names will, of 
in ' —ifv, have to be added to explain local subdivisions, but 
in regard to the larger formations the terms which have been 
generally used in my papers of late years appear at present 
to be sufficient to include all the rocks explored. 

(Past I. 
Eozoic (Pre -Cam but an). 
For the sake of uniformity in the names for the larger 
i d geological chronology, I adopt here the term which 

.'•ip papers W (he Autlmi', Quart, .hum. Gen!. Sac. vols, mi., 

f"\, xrxiv., nnd xx.iv.; Proceeding* Gtol. .tiBoc. vols. iii. and vii.j and 
Mai/. Decade II. ml.-, iii and vi. 
W SOUS*} VOL. V. — JTO, XX. 
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!. -i -1 for some time by American authors for the rook* 
known under the several names of I 1 re- Cambrian, AttIixuii, or 
Primary. Possibly none of the nanus bilk 
remain in the face of future discoveries; but as Ion 
term Paheozoic continues to be so universally used for the toe- 
oeeding period, the term Eozoic is probably the best 
at present be applied to this more ancii 

The Eozoic rocks in Britain have of late years r 
considerable amount of attention, and much additional informa- 
tion concerning them has in consequence been obtained. TTp to 
a recent period it was supposed that, with the exception of 
narrow strip along the north-west const of Scotland and in the 
Hebrides, there was no satiefttotory evidence of the pn 
these primary rocks anywhere in Britain, Stratified crys- 
talline rocks had been noticed iu other areas, but I 
almost universally placed among much more recent deposits, 
either on theoretical grounds or by misconception- 
graphy. "With the exception of careful strutigraphical work 
nothing has tended so much of late to advance our knowledge in 
regard to these early rocks, as the recognition of the fact 
metumorphisiu of great groups of strata does oo1 take 
readily as was formerly supposed, and that it is rum I 
clear that some special conditions, such as do not appear to have 
prevailed to any great extent over the Brit \Ai arc:is sii, 
Cambrian (Eozoic) period, were necessary to produce bu 
The unravelling of the history of Inese primitive 
fraught with many difficulties, and in the absence of organic 
remains the correlation of the groups in different 
seldom as satisfactory as could bu dusi ■■ there arc 

special characters present which tend to distinguish each im- 
portant group over wide areas there can be no doubt; and 
when we look closely into these, ond at the same time tak* 
note of any influence which local physical conditions may 
have exerted, we can generally arrive at a tolerably sal 
correlation. 

AVe now divide the Eozoie rocks which arc exposed in the 
British areas into four distinct formations under the names of 
Lewisian, Dimctian, Arvonian, and Pebidian. 

1. Leicisian. 

The oldest stratified nicies apparently in this country aw 
some gneiss rocks, found chiefly in the Hebrides and 
north-West coast of Scotland, also probably along : ; 
weel coast of Ireland, ami perhaps in the Malvern 
England. Many years ago Sir R. Murchiaon eatpr 
opinion that these gneiss rocVs aW» vV un\v\\-\v.- 
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Kent land wore the oldest in Great Britain, and, as far as we 
know at present, this view seems to be correct. Ho at first 
associated theni with the Laarentian rooks of Canada ; but 
though this correlation is possibly correct, he yet wisely 
grouped them under the local name Lewisian, after the island 
of Lewis, where they arc largely developed. Dr. Sterry Runt 
and myself have at different times pointed out the presenee of 
these rocks in Ireland, and Dr. Holl has done the same in the 
Malvern Hills. The special characters which distinguish this 
group may be said to be the prevalence of very highly crystalline 
rocks, usually massivo granitic gneisses, with red felspar and 
hornblende as their chief minerals, and quartz and mica in 
small proportion only. Tho normal strike is about cast and 
West, but it varies to north-west and south-east. 

Though but little additional information in regard to these 
rocks has been recently obtained, we are now better able, in 
consequence of the very important discoveries made of late 
years in other Eozoic rocks of Britain, to realize their 
importance in tho classification, as well as the value of the 
formation in relation to the early history of these islands. 

2. Dim el 'kin. 

This formation, like the above mentioned, consists chiefly 
of highly crystalline gneissic rocks, the prevailing types, 
however, being the so-called granitoid rocks, made up largely 
of quartz with some pinkish or white felspar. Hornblende 
is much less abundant than in tho Lewisian rocks, hut 
mica is more frequently met with. It may be said to con- 
sist ch icily of acid types of rocks, whilst fhc former is made up 
mainly of basic types. Bands of limestone, hornblende, chlo- 
ritic, and micaceous schists occur occasionallv in this formation. 

The name Dimetian was first given by me to tho group of 
granitoid and gneissic rocks which had been discovered by the 
late Sir. Salter and myself, underlying the Cambrian rocks at St. 
David's, in Pembrokeshire. Since then many additional atva- nf 
these rocks have been found, and the formation has been shown to 
consist of several important groups. In each area certain general 
resemblances in mineral characters arc found to prevail, and those, 
combined with the physical evidences of contemporaneous deposi- 
tion, are all the aids we can expect to rind in our attempt at cor- 
relating such ancient rocks in different areas. That such evidences 
are important also is clear if we recognize the fact that the rocks 
must have been for the most part deposited in successive layers of 
various materials, like the alternating sediments in more recent 

Soups, and in each case under tolerably similar physical eon- 
tions ; that they also must have suffered changes in propor- 
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tioa to tlioir ago, and that the evidences of these changes, which 
could not, have affected more recent deposits, are usually mffi- 
ciently well marked to be readily recognized. 

I have described rocks belonging to this formation 
sey, Caernarvonshire, and many porta of Scotland ; and Prof 
Bonner and Dr. Callaway have noticed them in Shi , 

The series may be advantageously dividi ■ 
Lower groups: the Dipper represented by the so-cal ■ 
schists of Porthlisky, St David's, and probablv by the thin quart- 
zose gneisses and mica schists of Gairloeh and Ben l'v\ 
and the Lower, by the massive granitoid and guci--. 
Bryn-y-Gam, St. David's, and Twt Hill, Caernarvon, and pn>- 
bably also of parts of Ben Fyn and the mountain* at 
of Loch Bhiel in Scotland. I propose for the groups the local 
names Porthlisky and Bryn-y-Gani. 

The prevailing strike in the formation is from M.W, to ivE. 

3. Aramurn. 
This name was given by mo in 1878 to a group of rocks, in 
some important particulars unlike the Dimetian, though up to 
that time it had been included in that formation. Sub 
searches in North and South Wales have revealed the fac 
is one of the most important of the Pre-Cambrian form 
Pembrokeshire it occupies large areas (see S,vf. '.' mid 3, p. 308), 
and is there found to consist mainly of highly siliceous rocks, of 
the type called by the Swedish geologists ' hidleilinta. 
quarta-fclsites, and other quartzo-felspathic rocks, . 
largely into its composition. In Caernarvonshire, as I hart 
shown in previous papers, many important ridges, such as the 
Rivals, and those to the north and south of Llyn Padarn, and 
between Twt mil, Caernarvon, and Bangor, consist almost 
entirely of rocks belonging to this formation. In An 
pointed out in 1878 an area of these rock- neai 
This I have since found, in company with Prof, 
to extend much further to the north than I at i 
posed, in fact as far as Bodafon Mountain. At the latter 
place the ' halleflintas ' are perhaps better exjwsed, and 
more nearly of (he type of those in Pembrokeshire, than in 
any other place in North Wales.* In my former paper I men- 
tioned, in describing the Pebidian rocks of the west, coast d 
Anglesey, that ' possibly some, such as the rocks of Holyhead 
Mountain may prove to be of different age and probably older 

* Sinre I examined these rocks with 1' 
■ppendia to nn interesting paper by Ilr.Callaway I Qi 
Slay 1881), has published K>me notes on these rock* wl 
■ ■■. ;\i'.\ h(iwi'veT,ciiU(id by him ' Q 
Calif— ■"'•■ -anp much too auiul\MiaTea«KWCTi\oftifcssKidss. 
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(Dimetian?)' I have since then carefully re-examined these 
rocks, and have corao to the conclusion that they should be 
included rather with the Arvonian. Whether they occupy 
higher or a lower, or an equivalent position to those of Bi 
dai'on Mountain, it is difficult at present to decide. Still the 
evidence seems to point to the quartz group at Holyhead being 
the highest. At St. Din-id's, rocks like thoso of Holyhead 
exposed near Lhinhowel are, I believe, higher in the succession 
than the more typical ' halleflmtas ' of Trcffgarn Rock. The 
strike is usually Bomewhere near north and south. This for- 
mation may be divided into two groups under the names 
of Treffgam and Holyhead. 

4. Pebidian. 
This is & formation undoubtedly of enormous thickness, as may 
be seen from its partial exposure at St. David's (Sect, 1, p. 308), and 
contains several groups of rocks, in some respects considerably 
unlike each other. At present, however, it may bo sufficient to 
divide the formation into two main groups. The lower one con- 
sists of the thin-bedded gneissie, micaceous, and talcose rocks ; 
and the higher, of the breeciuted rocks with their associated 
schists and slates. At St. David's the lower group is either 
but partially exposed or cut off by a fault. Some of the beds 
may be seen at Porthlisky Harbour resting nnconfonnably 
upon the Dimetian axis. These arc rather highly felspathic ; 
others are the so-called talcose rocks, found frequently 
at this horizon in Canadu, and described by Dr. Sterry Hunt as 
the 'commonly called talcose or nacreous schists, owing their 
peculiar characters to a soft, hydrous mica, which is not unfre- 
qucntly disseminated in very quurtzose beds and gives to such 
a schistose character.' Exactly similar rocks to these at Porth- 
lisky occur at Dalos Bay, on the north coast of Anglesey; and I 
believe it will be found that they occupy a low position in relation 
to thcchlorite-schistsso well developed iu that island. That the 
chlorite- schists in Anglesey, with a general north-east and south- 
west »i like, belong to a period in the history of the globe not far 
removed from that indicated by the Lower Pebidian rocks of St. 
David's, I feel convinced. The deposits arc sufficiently alike in 
material and in the changes they have undergone to bo correlated. 
That they should now appear to be rather too much altered for this 
period, is probably due to the readiness of the chief materials 
entering into their composition to undergo change as compared 
with those in many of the other rocks. The view pot forward 
by Bterry Hunt and Dc-lesse, that ' talcose and ckloritic rocks 
have been directly formed from the molecular re- arrangement 
or diagenems of aqueous magnesian sediments,' seems to be the 
correct one, and to be capable of explaining mra^ «t \Jaa w^- 
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difficulties in connexion with these old rod 
eome of thc*e chlorite and talc schists occur at vari 
in the Pebidian, alternating with day Aab 
rocks, breccias, and conglomerates, [a beyond doubt; and I 
may mention as spots where these alternations m .■ 
observed, the valley of St. David's, north of the I 
Treginnis, near St. David's, where they doc 
in association with serpentinous limestone, and Amlwch in 
Anglesey. It is certain, therefore, that though the larger por* 
lion of the Anglesey schists may belong to the Tower group of tho 
Pebidian, they are not restricted to that horizon. This partial 
metamorphism, visible chiefly in rocks most susceptible of 
change, is highly ehariicteristic of the Pebidian . 
wherever it is exposed in Britain. It is sufficiently marked to 
separate the formation clearly from the succeeding GunbtlBA j 
and, on the other hand, it is too imperfect to cause any confusion 
between the majority of the rocks in this formation and the 
more completely crystalline groups belonging to the Dimctian 
or Lewisian. 

The upper group is largely made up of breccia ted rock 
alternating with purplish, reddish, and greenish slates and 
schistose rocks. Indurated volcanic ashes. lava-0ows, and bands 

of limestone and serpentine occur in both. It may be wbD to 

designate these groups by local names, and I propose 
to call the upper tho Treginnis group from being Is 
posed at that place, on the shore of Ramsey Sound, near St. 
David's ; and the lower, the Menai group, after the Menai 
Straits, where they are well displayed. The prevalent strike in 
this formation is from north-cast to south-west. 

This formation occurs in many parts of Scotland, especially 
in the Grampians ; and it is also found, according to Dr. Hunt, 
in tho north-west of Ireland, about Lough Foyle. ltd 
in Charnwood Forest, in Shropshire, in the Malvern Dills, and 
probably also in Cumberland and in Cornwall. The following 
table will explain the supposed order in which tho "* 
rocks occur in this country: — 
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It ia not intended to tardea this paper with a 1 
of the rariotu i lfc«*Tfii ■limn which hare been adopt 
rocks from time to time; for rlassincation* mast i 
vary with advancement of knowledge. All hard and I 
or the abrruh adherence to any arrangement ] 
in history and not in truth, are here, as in all o 
barriera to progress Xumerons papers, however, on 1 
tii* of history have of late been published, to which t 
may refer." 

The nomenclature will of necessity in some ease* 
m local significance, but aa many of the groups 1 
preaent little more than locally examined, this is s 
avoidable. Many of the names, however, are somewhat h 
in their application, and have been to frequently umh! that f 
arc now tolerably well known. The formaiiuns to be deecri 
arc the Cambrian, Ordovian, and Silurian. 



Wherever these rocks are found in this country in 
with the Eozoic formations, they are unconformable to the lull 
Fragments of the older rocks are also found in them in obon- 
dauce, and evidence that they must have been built up chiefly 
from the denudation of the Eozoic rocks is everywhere ap- 
parent. 

The name Cumbrian, for these oldest Palieozoic rocks, was 
first used by Prof. Sedgwick, and it was he who laid tin 
tion for all future discoveries in these rocks. It i* impossible 
to speak too highly of the value of hia i 
those at Ihuf time barren strata ; and if we i 
iiee>'|it fully lliu divisions, or subdivi 

we reject them with much regret, and because their retention 
■ itly tend to retard the progress of ■■■ 

Thi* formation may with advantage be divided into two main 
portioni, witli Bovern] groups in each. 

The/rfwerCowi/iri'dHhasunaturalbusemadeupofmaj 
glomerate* and wimlsUruc* (see Sect, I, p. 308); its upper boundary 
in will defined by an important paLeunUilogicul break. It m 
imil Gt ■ 



ridge, 
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y divisible— at St. Din-id's, whore it has been chiefly 
plored of bite years — into three groups. These are called in 
ascending order hy the local names of Cacrfni, Solvit, and 
Menevinn ('■, il, e, in Sections and Plates). 

The Ciii'r/'iii group consists chiefly of conglomerates, sand- 
stones, and red, purple, and green slates and shales. Remains 
of animal life are found throughout. The most important of 
i" discovered by me, in 1NGS, in red slates, near the base, 
and consist of a Liitgnh-lln, bim-iitii, L<'i>rnlitia, a doubtful head 
of a trilobitc, and abundant traces of annelids. 

Beds of the same age are also found in the Harlech Houn- 
tains. The great slate quarries of Llanberis, Bethesda, and 
other places in Caernarvonshire, arc also on this horizon. 
Though the basal beds are not exposed in the Longmynd area, 
it is probable also that some belonging to this group occur 
there. There is a strong general resemblance between tho 
beds of this group in each of the areas, but us they were at 
first, shore-deposits around a subsiding land-area, some dif- 
ferences in appearance and in thickness must necessarily occur. 
The great conglomerates which rest on the Eozoic rocks along 
the north-west coast of Scotland, are supposed to he of Lowei 
Cambrian age, and may possibly be to some extent contempo- 
raueou-j deposits with the beds of this lower group at St, David's. 
This group may bo conveniently divided into three parts as 
under : — 



1000 ft' 1'arple Sandstones with AitiitHdt, fto 



C ' Middle, ) Rtd Shales and Schist?, wit.li Lrperditia cambrmufo, Lin- 
3 \ m ft. ) ffultUa primma, Ducma mtrfaimiia, &c. 

| | l.imi'r. i Conglomerates and GreenL-h FhiRwy Saudstoues with 

II. ~.W ft. | AimtUdt, I'ucuidt, kc. 
Soini fjrmiji. — \ Like tho underlying Caert'ai group, this may bo 
divided into three parts. The lowest bods are yellowish 
sandstones, with some conglomerates, and these are succeeded by 
BP6J Sage, The latter contain an important fauna which I dis- 
covered in lSb'7. It consists of several trilobites, including 
the genera Phtlonin, Ptirnilt>si<t<-x, Cii/mcnn/ji/ie, and Mirro- 
rimm, also a Linguklla, Theca, and Protospongia. The species 
are all restricted to this horizon, and the genus Plittonia has 
not been discovered elsewhere as yet. The middle portion, 
of this group consists of red, purple, and grey grits, sandstones, 
and slates; it is of great thickness, and probably contains 
-r\ci;il fiissiliferous horizons. At present, though fragments 
lave been found in several different beds, the only position 
, which they appear to occur in any aWn&a-wie, \% \»-k' 
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the upper part of the series; here are found new species 

;phr, as veil a* fnu 
other f<>--' '"■••-' surfaces 

ml Itie underlying beds, similar la 
I>r. ToreU from Scandin n EUUXtfl of £opftjrtM. 

land plan's. Besides the* 
numerous large so-called fucoidal markings are alao frarueolly 
found. Whether any of these can I 
or marine plants, must still be a matter of doubt, u n 
tions of true atructnre have been found in them. The upper 
beds of this group are grey prit* and flags 
contain a special fauna, Tl 

group represents the main portion of the Harlech-. 1 
as known in Merionethshire, and . 
mynd rocks. That there are some beds in those an 
may be considered eoritcmporaneous with the Caerfai group, is, 
i already stated, prohablo; but I believo that the 
St. David's area was depressed at an earlier ■ 
of those, and therefore that it probably contain- 
unrepresented there. I am inclined to think, however, that 
the lower beds of green grits and elated :it LI 
nearly on the horizon of the Lower Caerfai i 
The rocks at Bray Head, in Ireland, appear to be more nearly 
contemporaneous with the Solva group than with the earlier 
beds. The St. David's fossil 

in imy of the other areas. Annelids and a doubtful Irtlobite, 
Pafaopygc, were, however, found years ago 
the Longmynd rocks ; and annelids and the curious fossil, 
Oldhamia, have been found in the Bray- Head rocks. 

iHt' f Gre ? liocks - ^i'" 1 Faradtaidu aurora. 

Idle ) Grey, purple, and red Rocks, n-itli Ptiradoj-idrt a 
1 1 f i . ) ( imocorypli* arfwwu, ,fcc. 

ww I ^ ''" "'' '"'' *■' "' ■ ' Saadrtones, nnd Flags with T 
Si 160 ft.' 1 Harknettii, Ffatonia Sedpmakii, nud also J 
l large Fucoids, &t, 

Mmevian (/roup, — This name was given by the 1 
Salter and myself in 18G5, to a series of beds found to C 
a very important fauna new to this country at St. David's, 
Though there is a gradual passage from the beds of i 1 
group into these (as shown in Sect. l,p. 308, and in Pis. \ D ud 
A' 1 1 1... in general appearance the rocks differ considerably from 
those in the other Lower Cambrian groups. This may be due to 
the combined influence of deeper water, and the pre 
of a greater abundance oi uaxoal una. ^«g*aV\ft \**~ 
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finer material to the former, and the dark colour to carbon 
and other substances derived from the latter. Though not of 
great thickness, the group is yet divisible into three well-marked 
zones, with distinct species in each* The genus Paradoxides, 
of which so many species occur in the I^ower Cambrian rocks, 
does not in this country reach into higher beds than this group ; 
and by it as well as by several other forms (Anopolenus, &c.) 
the Lower Cambrian is palaBontologically well marked off from 
the Upper Cambrian. There is also an indication of some slight 
physical change at the close of the Menevian, in the sudden 
appearance of thick grit beds upon very fine muddy deposits. 
This is partially shown in the view (PL VlL) taken of the east 
side oi Porth-y-rhaw, the place where the group was first 
made out Whether this change had anything to do with the 
disappearance of Paradoxides and its allied genera or not, is 
difficult to make out. It was, at any rate, sufficiently 
important to have produced identical results in North Wales 
at the same time, for the upper beds are there, as in Kouth 
Wales, capped by these massive sandstone beds. This group 
is everywhere distinct from, and should not be included in, 
the so-called Lower Lingula flags.* The fauna belonging to 
this group consists of twenty-three genera, including fifty- two 
species, and nearly all the species are restricted to it ; the 
range of many is limited to a few beds. This group ban Ijeuu 
discovered at several places in Merionethshire, and contain* 
there most of the characteristic fossils found by us at Ht. 
David's. It is there seen to rest on the well-known Harlech 
grits, and to be succeeded by Lower Lingula flag*. 

100ft' I Sandstones and Shales, with Orthu Ilichrii, Sec, 
w I / ggofl£' J Flags and Slate*, with Paradoxides DaMU, kv. 

Jo 

*g**£ I G^ F^, wMi Para&zid* IlirMi, kc. 

The views, Pis. VII., and VIII., figs. 1-3, h}ww tolerably wall 
the succession, and some of the chief section* of th« h>w«r (*um- 
brian rocks on the north shore of St. Brida's Day, mnir Ht, I la v jilV 

The Upper Cambrian consists of four group*, Tim tlirui* 
lower ones were carefully described by the htUi Mr, Hull in 
1867, t and named bv him, in ascending or<lw, Mu^nlwroj/, 
Ffestiniog, and Dolgelly groups (/, g 9 h f in muitUm* and ylui tm). 



* It was by mistake that Mr. Etheridge, in the *Am\r*\tU tuUw** mIi'ijmiIj 
referred to, included Paradoxides and mjam other H*uinvi*H $unm* \\\ llm 
Lower and Upper lingula flag fauna*, 

t GM. Ma?. 1867 and l#%. 



300 



I'OPUI.AR SCIKM.-E REVIEW. 



These had been partially described previously 
Salter, as Lower, Middle, and Upper Linpula li . 
fourth, or highest, group, was named by .Sedgwick, many 
years ago, ' Tremadoc/ and this name is still retained for 
that group. 

Maentwrog group (Lower Lingula Hugs). — The lowest bed* 
in this group are described bv Mr. Belt as ' grey and yellowish 
grey, tine -grained pyritie flags, with hard fclspathic bond* 
and rusty partings." Alternations of more arenaceous and 
gritty beds aru not unfrequent, and beds of yellow-grey 
shale also occur ; these are followed by bhush-grey slates 
and flags. The middle and upper beds also are chiefly 
flags iind slates. At St. David's, the lower beds are thin, 
rib bony- looking, and much contorted ; these are succeeded 
by dark iron -stained slates and bluish flag;.. Tin ei 
is the characteristic fossil in this group, and it and the 
Phyllopod crustacean Iltfinrmicaris occur here lor 
time. The group is divided into upper and lower aei 
under : — 



Upper, i Slates and Flog?, with Olenui l> 
1300ft. | rate*,** 



ties, u 

» and Wm«i <*(„. 

. is ului iiivi.ii.i 



JC I Lowst, I Sandy tad Sl»ty Beds, with Obn 

S I "00 ft. I pi'\f..rmu, kC 

Ffestiniog group (Middle Lingula flags). — This is also divided 

into upper and lower portions. Tho lover > state of a series 

of slightly arenaceous and micaceous grey flags; these are 
succeeded by thick beds of yellowish -grey arena* 
containing hard felspathic layers. The beds in tins group are 
usually easily recognizable, because of the thin alternations uf 
hard and soft layers, and by their peculiar weathering. 

LinguMIa Dovuii and fft/menanirix rrrmiramtit 
chief fossils in the lower beds. The upper beds are chiefly 
blue-grey flags, and contain, besides the above-mentionea 
fossils, a CivtiK-ori//>/u and u HellvraphoH. The whole group is 
very barren of animal remains, and appears to tuv 
deposited in shallow water. The well-known fossil, I ' 
which is, I believe, an Alga, occurs abundantly near Bangor 
and in other areas in this group ; and a large : 
Buthctrephu was found iu it by the late Mr. Belt. 



'JTC 



i Illnisli-f.Tf'v Flag- 3 , wiili ■ 

I rvphon eambVMW, ftc. 

, Arenaceous and Micaeonns Yellowuh-groj Flutr-, with 

'. Lhiguiella Daeisii, ttymenocarii vtrtiu ■ 
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DnhjrVtj firmip (Upper Lingula flags)._This group consists 
mainly of blue and black slates. It was evidently deposited in 
a tolerably quiet sea, and contains a rich fauna. The beds are 
well exposed in the Mawddach Valley, and about Portraadoe in 
North Wales. Tin' su-culled Mulvcrn black shales ;t]~.<> bibing 
to this group. At St. David's, fine grey shales '.di icily occur at 
this horizon. The Olcnoid forms, Parabolinti, Peltura, and 
tipketropkthaimus, characterize tbiB group. 

u f Upper, I Soft Black Slates, wilh Pellvru, Sphter, 
5 „; MM ft. 1 ftc 

II i 



: 



Trtmadoc group. — This group consists mainly of dark 
earthy flags, flaggy sandstones, and iron-stain cd slates. It 
was carefully examined many years ago in North Wales, by 
Sedgwick, Salter, and Homfray, and shown to contain a very 
important fauna. Up to the year 1866, it had only been 
recognized in North Wales ; but in that year I was able to 
announce the discovery at St. David's of a largo series cA fossils, 
more nearly allied to those in this group than to any others 
known. It has since been found in Shropshire by Dr. Callaway. 
About sixty species have now been discovered altogether, and 
nearly all are peculiar to the group. Many genera, and several 
orders, appear here for the first time in the succession. The 
Lamellibranchs, Crinoida, Asteroids, and Cephalopods, are not 
known to occur at a lower horizon, and several of these, as 
it, have only been found at St. David's, in these rocks. 






Upper, I Iron-stained Flaps nml Slates, with A M ftmt Umxfrayi, 
|g ] 80d ft. j An&^ke. 



2. Ordosian (Lower Silurian). 

The name ' Ordovian,' has been given to this formation by 
Prof. Lapworth, who has paid great attention to its fossils, 
especially to the Graptolites, and these somewhat specially 
characterize the groups in the formation. I adopt ihis name 
now in preference to that of Lower Silurian, as less likely to lead 
to confusion, and as being in many respects an appropriate one. 
It riiiisists nf four well-marked groups, each with a distinct and 
important fauna. Three of these have been for w \i 



2K yrgT^ix m;.f^Mia. 



v*Z iz*nm. 'z*n -Jhz 5'jetzl lliznzzz. £T3=p is now introduced 
i:r -Jisr frs: tiziii- tznnji. rr* pigtail *sls besa partially defined 
in zsn-ri.Ti^ pi-tir^* Thr rro^r* *re njjned, in ascending 
CsrLsr. AtzzLz. ■ .iiir -rim, UiLZiik£i:,. iz>i Bala. 

_£•*-* / : '•'mj, — Th5* riizj* wis £r« c^rei by Prof. Sedg- 
w5:k_ :•: i. .sTo-n: :r ::ii* WeH irTtScwi £n lie Arenig district 
in X :r^: ^il^- F:r racr Tiaar*. Lrwex-er. ii vielded but few 
f htp'O, mi r:» hnpisrtxzts* w*s sear^y suspected until after 
ii~ i-j*:i:T^7y En in it S*. DiTii"?,. -ci a very rich fauna. In 
a iirzzsz? T«iz»=r I iiTSIid *he £r:*zp in:o lower, middle, and 
nj^er pir:-. I niT* *£nt:e f:-nnd ia: ie upper, as there 
c-dn^i. is *: limine - ; in ri$ fi:rr»i from the underlying or 
iziiilr mm mi. inifei. as rresfcrn: a:- litile known out of the 
n~i^h:»:nrl:oi :: S:. IVaTil's. shii I Lave, at the suggestion of 
Pr:i LijT;rLL riven i: a 1-xal r.ar^e, and will therefore 
d&scrT:* :; i* s distinr: ST>np. The Arenig proper will, 
ih-:ref:re. n:*=" l«r -iiivii=d into r*» parts, upper and lower, 
tie firmer beinr :he prrtivn previcnsly described as the middle 
mrr. The *t: -? c: -«£«:.§ alm:«53 entirely of black slates, with, 
LoTreTvr. a r~w b^c.* cf tii^-gy sandstones* and in North Wales 
with sine griTs. Gr^p:cl::esw which appear for the first time in 
the underlying Tremadcc racks,* occur in this group in great 
acuniinc-e : the trilobite*. also, are altogether »rilike those in 
:ho nnivrivinj: rxk^. Tho evidence. th-:r£::re. of a palar-onto- 
l:gic-al creik k:^;i. the Cumbrian and •.^rdovian. is tolerably 
ck-^r. th:u^h strati ~uphieally it is ::;: seen. The so-called 
' Skidd- w shites % telong chiefiy to the upper portion of this 
gr*.up. The gripMlittS hitherto e:LIeeted in the lower portion 
£ re chivvy 2/ V-">;r. ■_.-:■." and C*:J<j ;,-:r.i : in the upper, the genera 
Ti iro'impij* snd h . " - ?; « . ■; r.? : : : •*. 
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» ^^i'.-r?. FliT? f and £az listens, w:ui .fV.uu. Calymene, 
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_ » Fire Black Slates and SLales. with Ogvgia, TrinucUut, 

Lower. • ■ 



The view, PL VIII., fig. 4, shows the Arenig rocks at White- 
sand Bay. A few beds of the Tremadoc group are also seen, but 
most of the beds of this group have been here cut off by a 
fault. 

Llanvirn group. — As stated above, this group was described 
by me formerly as a portion of the Arenig (its position is 
seen in Sect. 2, p. 308). It consists of a thick series of 

• Hicks, Quar. Jour. Geol. Soc. May 1675. 
^ound by Dr. Callaway in Shropshire, and also by Mr. Ilomfray near 
be. 
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: dates and shales, with contemporaneous beds of volcanic 
tuff. It haa an average thickness, as now defined, of about 
2000 feet, and contains a distinct and important fauna. Most 
of the species are now, and amongst the tiilobitcs is one genus 
(Placoparut) not elsewhere found in Britain. The fauna, which 
ked out by tno from the beds at Llanvirn, St. David's, 
in 1874, is very rich in tiilobites ; and several genera appear 
here for the first time in the succession, as Ilkenns, Ilfa-irajisix, 
'■■<■. Phacnptt, P/ttcopttrht, and Aa'tlMji!*. The fauna also 
contains many graptolites, chiefly of the genera Diplogtapitu 
and Didyttwgrapim, aud there are also large Cephalopods, 
Gasteropods, Brachiopods, and Lamellibranchs. Beds belong- 
ing to this gi'oup have been explored by Mr. Murr near 
Caernarvon ; they are probably to bo found also near Shelve, in 
Shropshire. The lower portion of the so-called Llandeilo at 
Abereiddy Bay belongs rather to this group than to the 
typical Llandeilo, and is here included in it. Duiymogrtiptus 
i is supposed by Prof. Lapworth to be characteristic 
chiefly of these beds. 






ne Black Slates mterstnitified with Beds of Tuff con- 

tiiiisiriL.' l)ithiini;jniytu& Murihuonii, &c. 



3 I Lower. Dark-grey Flags ami Slates, with Ilacvjtaria, 4c. 

Llandeilo group. — In the typical area (Llandeilo), Sir It. 
Murehison described the rocks belonging to this group in as- 
cending order, as dark BChists and shales with .sandstone courses, 
followed by calcareous grits and pehblo beds, and succeedec 
by schists in which Astplmn tyraunus is conspicuous ; upon thi 
Occur calcareous, dark- coloured, finely laminated flagstones a 
schists. This group as it occurs in Pembrokeshire, after c 
eluding the lower beds which I propose now to place in the 
Llanvirn group, may be divided into two parts; the lower con- 
sisting of black calcareous shales and flags, followed by toler- 
ably compact limestone ; and the upper portion of black slates, 
flags, and flaggy sandstones. The beds are well exposed on the 
north shore of Abereiddy Bay, near St. David's (see Sect. 2, p. 
308), and are there highly fussiliierous, Ogyjin Buehii, Cnlymvue 
duplieatu, Cheiniriis >Sc<)<jn:ir.];ii, Trumcleun, Jiinhritthis, occurring 
in abundance. The Glcnkiln slates of Scotland aro supposed 

I Lapworth to be the equivalents of the upper beds of this 
: 
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, < 'iilcnremis Sanies mid Flags, &c, with Ata/ii;;- 



^ F Lower. 

Bala group, — The beds of this group ore porticula 
developed in the neighbourhood of Enlit, N. Wales, th 
name suggested by Sedgwick is peculiarly appropriate, 'i 
have also boon culled by other authors by the name Caradoe, from 
the Caradoc mountain range in Shropsniro, where ihej 
exposed. The group consists of sandstones, shales, and flags, 
alternating with calcareous Viands and contemporaneous volcanic 
ash. It attains to a great thickness, but varies considerably in 
different areas in consequence of the presence of so much volcanic 
material. Of late years but little work has been done in tin- 
group in Wales, but in Scotland the researches of Prof. 
Lapworth have added considerably to our knowledge of the 
fauna. The fauna of the Bala group is an exceedingly rich one, 
especially in trilobites. Graptolites also occur in abundance, 
chiefly Diplograptidffl and l'ieranograptidiv. Prof. Lapwortfc 

calls special attention' to the 'total distinction 

logical features between the graptolile faunas of the 

Arenig ' groups. ' In tho true Bala beds aot a single example 
of the families of tho Diehograptidic or Phyllogi m 
hitherto been detected. So far as ' present information en- 
ables u- to judge, they appear to have become wtolll 
and their place is occupied by the very distinct famil>< 
Diplogrnptida; and Dicranogi-iptidir.' It is important also (<i 
notice, as bearing on the physical history of this epoch, that tin 
'mortality in families, geiu-vu, and species of Itbabdophora in 
the Upper Caradoc (Bala) beds,' is very great And t oat thfl 
puhcontologtcal break between Ibis last member of tie Orfe- 
vi an formation and the overlying Silurian, so far ns the RhaWO" 
phora arc concerned, is almost complete. The Hftrti 
of Scotland belong to this horizon. 

. j tipper. Shales, Fliijw, iu»l Lim>.';tr.ne?, 



Lower. Sit mlM ones .ind .S) wiles, with Calcar. 



' Anna!* anil Mai/, uf Xiiluritl Ilhl-iij, - 
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•3. Silurian ( Upper Silurian, Murchhon), 

Though this name was intended by Murchison to include, 
perhaps, all the fossiliferous rocks below the Devonian, it has 
been quite evident for a long time that the restricted meaning 
in which it is here used is the only way to get rid of much 
confusion in geological nomenclature. The groups here in- 
cluded in it are, in ascending order, Llandovery, Wenlock, and 
Ludlow. 

Llnnibtcry group. — The name was given to this group by Sir 
R. Murchison in consequence of the great development of rocks 
of this age near the town of Llandovery, S. Wales. It is sup- 
posed to attain a thickness, there and in Pembrokeshire, of 
over 2000 feet ; whilst it is well known that in some other 
areas in Wales it thins out to about as many hundred feet. 
The physical break between this group and the underlying Bala 
has been frequently referred lo by Sedgwick, Ramsay, and others, 
and there can be no doubt that it is the most important one in 
the Lower Palaeozoic rooks. To a great extent, however, it must 
be considered to have been produced by local influences. For 
whilst in the Longmynd and other areas there is ample evi- 
dence now to show that there was dry land at the time, there is 
equally convincing proof that marine conditions continued dur- 
ing the same period in Cardiganshire and Pembrokeshire. In 
Sect.S, p. 308, the Lower Llandovery rocks rest conformably upon 
the Bahi beds. The rocks which compose this group vary con- 
sidi r:ilily in different areas, but may be said to consist chiefly 
of conglomerates, sandstones, shales, and slates. It is usually 
divided into lower and upper portions, — (he latter being also 
called frequently (he ' May-Dill Sandstone series.' The 
so-called 'Taranuon shales' and 'Denbighshire grit and flag 
aeries/ are probably on the horizon of the upper members of 
this group. In the last- mentioned scries I have recently dis- 
rou'i'ed the earliest indications of land-plant remains hitherto 
found in Britain. They are all in a fragmentary condition 
and must have been carried into their present positions from 
some neighbouring lands by floods. These beds have yielded 
to Prof. Lap worth, in Scotland, a rich fauna of Wrapt elites, 
the prevailing family in the lower beds being the Diplograptidte, 
whilst in the upper beds the Monograptidie are dominant. 



Upper. Conglomerates, Sandstones, Shnles, iinJ Slale.s, 



rer. ConglOBUMta^ Sandstones, and Shale?. 

Wenlock Group. — This group has a considerable 
-Vt.O' -f.K/J.s, VOL. V. — ICO. XX. 
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and is usually divided into an upper series, under the name of 

' Wenlock limestone and shale. 9 and a lower by the name of 

* • 

* Woolhope beds.' In Xorth Wales the lower beds rest con- 
formably on the Denbighshire grit and flag aeries. The 
Woolhope limestone is supposed to be only locally developed. 
The fauna of the group consists mainly of Crinoids and Corals; 
bat Brachiopods occur also in great abundance, and nume- 
rous new species have been lately added to the fauna by the 
researches of Mr. G. Maw and Mr. Davidson. Mr. Maw esti- 
mates the thickness of the group in Shropshire at over 2500 
feet. As previously stated, I exclude the typical so-called 
Denbighshire grit and slate series from the group, believing 
that those beds are for the most part on a lower horizon than 
any rocks usually included in this group in Shropshire. 

8 r- \ Upper. Shale and Limestone. 

© t! I 

£ w / Lower. Shale, Limestone, and Flaggy Beds. 

Ludlow Group. — This group in Shropshire attains a thick- 
ness of from 1400 to 1800 feet It consists mainly of dark 
grey argillaceous shales with calcareous concretions, and lime- 
stone. It is divisible, however, into two portions. The upper 
consisting of light-coloured grits and shales, and the lower of 
the ' Aymestry Limestone series.' The fauna of this group is 
important from its including the first indications of vertebrate 
life as fish remains. Until the discovery by me lately of the land- 
plant remains in the Denbighshire grit series ; it was also sup- 
posed that the first evidences of a terrestrial flora occurred in 
these rocks. The fauna of this group for the most part is 
highly Silurian in type, but the topmost beds appear lithologi- 
cally and palseontologically to be passage-beds connecting the 
Silurian and Devonian formations. 



► ^ \ Upper. Shales, Flaggy Sandstones, and Grits. 

^ O / Lower. Hard Flaggy Shales, with Bands of impure Limestone. 
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EXPLANATION OF PLATES VII. AND VEI. 

Views from Photographs taken by E. H. Griffiths, Esq., M~A., E.G. 8., 

and H. T. Hall, Esq., B^i. 

Plate VII. 

Fig. 1. View of the East side of Porth-y-rhaw to Cradle Rock, showing 
junction of Menevian and Maentwrog groups. 

Fig. 2. View of the Coast from Porth-clais to Caerfai, showing Caerf ai and 
Solva groups. 

Plate VEI 

Fig. 3. View of the East side of Caerbwddy Harbour, showing fault near 
junction of Caerfai and Solva groups. 

Fig. 4. View of the North coast of Whitesand Bay, showing the Arenig 
rocks. 

The small letters have the same signification as in the woodcut 
sections. 

*• Indicate the chief fossiliferous ocalities! 

t Indicates intrusive rock. 

F Fault. 
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Fig. 3.— Section from Haverfordwest t< 



Haverfordwest. 
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ON THE COLOURS OF SPRING FLOWERS/ 

By ALFRED W. BENNETT, M.A., B.Sc., F.L.8. 
Lectures on Botany, St. Thomas's Hospital. 



EVERY one must have noticed the variations in the pre- 
dominant colour of our wild flowers as the season ad- 
vances from spring to summer and autumn. In our hedge-banks 
the pure white of the larger stitchwort and ' Jack-by-the-hedge' 
gives way to the bright blue of the speedwell, and then to the 
reddish-purple of the black horehound and the various shades 
of the mallows. In our meadows the golden-yellow buttercups 
are gradually replaced by the pink of the sorrels and ragged 
robins, and then by the yellow ragwort and purple knapweed. 
Our river-sides are gay in the early spring with the golden 
marsh-marigold, in the early summer with the yellow flag, in 
the later summer with the purple loosestrife. The bright 
scarlet of the poppies and the pimpernel only appears with the 
ripening corn. The blue campanulas, the bright-yellow St. 
John's wort, the purple heather, do not brighten the landscape 
till the summer is in its prime, when the green or inconspicuous 
flowers of the hazel, the elm, the oak, and nearly all our 
timber trees, have long since passed away. I do not know, how- 
ever, that these facts have ever been tabulated, or any attempt 
made to reduce them to a general law ; the present article is 
intended as a contribution to this object as far as our early 
spring flowers are concerned. 

Under the title of early spring flowers I include all those 



• An abstract of this Paper was read at the York Meeting of Uk 
Aaaoci&tion. 
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named in Hooter's Student's Flora as beginning to blossom i 
later than April, \vitb a very few additions which I think 
ought also to be included, at all events in our southern counties, I 
viz., Hanti/iculus butbosm, Lainium album, and Myosotis eollina. 
As my object is to ascertain the prevalent colour of the spring 
flora, I have confined the list to common plants, excluding 
those of less general distribution which might obviously intro- 
duce an element of error into the average. For this purpose I 
have taken as my guide the last edition of the London Catalogue 
of British Plants, and have struck out all which do not bear at 
least as high a number as 50. Though this mode of limitation 
is not altogether satisfactory — as plants of wide distribution 
may nevertheless not be common — it is, I think, the best avail- 
able. In the limitation of species, I have followed Hooker's 
Student's Flora. The classification of colours, where so many 
shades arc represented, is not easy. I finally decided on ar- 
ranging them under five heads, viz., (I) white, (2) green, (3) 
yellow, (4) red and pink, (5) blue and violet. Very slight 
shades of colour, as in Anemone tiemorosa, Cardamine pratensis, 
and Oralis acetosella, are neglected. The sweet violet is placed 
under two heads. Finally, several large natural orderB in which 
the flowers are very inconspicuous are entirely passed over, viz., 
the Amentifera?, Juncueeas, Graminerc, Cyperacea;, and Coni- 
fenE. 

The following is the classified list of common early spring 
flowers thus obtained : — 
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Out of a total of sixty-four species, there are in this list 26 
white, amounting to 40*5 per cent ; 9 green, or 14*1 per cent ; 13 
yellow, or 20*3 per cent ; 5 red or pink, or 7*8 per cent ; and 
11 blue or violet, or 17*4 per cent I have not been able to 
prepare a similar list of our common summer and autumn 
flowers; but even without this there are a few points which 
strike one at once. Firstly, there is the very great prepon- 
derance of white flowers, which is certainly not the case at any 
other time of the year. Yellow is also greatly in excess as 
compared with other seasons ; and the number of red and pink 
flowers is extremely small. It is obvious that if the excluded 
natural orders named above were restored, the plants belonging 
to them having mostly inconspicuous green or brown flowers, 
while some have bright yellow anthers, the proportion of red 
and blue in particular would be greatly diminished. It will be 
observed that the common cuckoo-pint is reckoned a green 
flower, from the colour of the spathe which encloses the whole 
inflorescence. 

Before attempting to draw any conclusions from these 
figures, it may be useful to compare them with those relating 
to some other spring flora, say that of Switzerland. The diffi- 
culties in the way of any exact enumeration are here very great. 
The best materials at my hand are the two volumes already 
published of Seboth's Alpine Plants; but these include only 
200 species selected for a special purpose. Although not 
entirely satisfactory, such a list may yield some trustworthy 
results. I have here taken May, instead of April, as the latest 
early spring month ; and have no data from which to exclude 
any species on account of their rarity. From these volumes is 
compiled the following list of early spring-flowering Alpine 
plants : — 



\ 



OH THE COLOURS OF SPRING FLOWEBS. 



313 






to 

3 

a 



cfl 



> w w 




3 

a 
a 




A W K^ 

P w > 



OS 

3 



9 



I I I 



a I 
a -a 



a 
o 

a 
I 



eS 

a 

o 

a 



08 



O 

i ? 

■a 

o 
o 

O 



o 



P 

o 

a 

4 



•a 




314 



POPULAR SMF.xi -I' : 






Out of fifty species in this list (one Ami) 
being again reckoned twice over among the whites and pinkVi. 
18, or 36 per cent are white ; 1, or 2 per cent green - 
per cent red or pink ; and 8, or 16 per cent blue or violet. 

Several points of contrast between these two lists will at 
once suggest themselves. The very small number of green 
flowers in the second may no doubt be due partly to the fact 
that Seboth'a work includes rt selection only of Alpii 
suitable for cultivation. But this will hardly au:nni 
other differences ; the smaller proportion of white flowers, and 
especially the very much larger proportion— abon( I i 
half times as many — of red and pink flowers, a fact which will 
be in accordance with every one's recollection of I 
spring flora of Switzerland. Now let us see whethi 
arrive at any general conclusions from these 

In the first place, it must be borne in mind that the two 
colours white and green stund on a different footing from all 
the rest, and may be regarded as, more correctly speaking, in 
indication of the absence of colour. The colour of green petal* 
is not due to a mixture of blue and yellow pigments, but to the 

Eresence of chlorophyll, the ordinary greeu colouring matter of 
saves. The bright colours of petals are not usually assumed 
till immediately before their emergeucu from the bud ; and oat 
a few — as for example those of Colnr-a seandens, are still green 
when they first open, acquiring their proper colour only on full 
exposure to the light and warmth. A white flower again doa 
not owe its colour to a milk-white fluid in the cells of the petal*, 
but to the presence of air. Seeing, therefore, that the bright- 
coloured fluid pigments of petals are formed only under the 
influence of a. sufficient supply of light and hi 
portion of green and white in our early spring flowers is easily 
accounted for. Then with regard to yellow, I find an exceed- 
ingly interesting observation by M. Flahaut* that 'a solid 
insoluble pigment, the .ratiihinc of Frcmy and Cloez, is in the first 
place to be distinguished from all the soluble colouring matter*, 
Wue, yellow, red, and their mixtures, all of which are 
very readily by reagents, and which are usually formed only 
the epidermal cells.' This xanthine Freniy states to occur 
always in ' the form of clearly defined grains, occasionally in 
the epidermal, much more often in the deeper-lyi 
Blowly soluble in alcohol and potassa. It is in all probability ;■ 
modification of chlorophyll.' The following is a ti : 
plants in which he has detected it; — Rat 
Chciranthus, Galeobdofon tutotm, Dmvntctm plantagitii 

'■tiie, C>/f»y>t'ditt»i Calceolm, Azalea chinentit, Urularn 

' Ball. Sue. Bit. FrmtM,-»^.tJSrSj»"S> , M5^ 
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grimd i flora, Eraiilkit Ayemaiit, Fontfthia Hridusima, Tumfago 
Rrfara. 

It is worth noting that these arc without exception curly, 
and some of them very early, spring- flowering plants. The 
colours, therefore, which pre-eminently distinguish our summer 
and autumn flora, the reds, pinks, hlues, and some yellows (not 
due to xanthine, but to a soluble yellow pigment), ore caused 
by the presence of substances which require both a strong light 
and a high temperature for their production, and Professor 
Batalin has shown this to be especially the case with the red 
colouring substance.* That the same species of Dover iV.- 
quentlv assumes a more intense colour with increasing nltitudn 
in the Alps is a matter of ordinary notice, confirmed by the 
exact observations of M. Bonnier, f who states that this cnango 
is due to an actual increase in the amount of colouring BMtttX 
in the cells. The difference already pointed out betwotB '1"' 
prevailing colours of the spring flora in England and in '■■ 
land, seems to me to be due to the same cause. Owing partly 
to the spring being a month later, partly to the more southern 
latitude, and consequent greater elevation of the sun, partly to 
the clearer air of a high altitude, the light which OMOfl (he 
earliest spring flowers is much stronger in Switzerland than in 
England, causing the appearance of those brilliant roam and 
pinks of the Sileoes, Ericas, and Primulas, and blues of the 
Gentianas, Soldanellas, and Phyteumas. with which we hi 
the exception of our blue-bells, scarcely anything to 00) 
our spring flora. In the list given above, the most striking 
feature of the early spring flora of Switzerland is seen to bo tho 
very large ingredient of red and pink : but I believe a moro 
complete analysis would show an almost equal preponderance of 
blue. 

I have not in this paper touched on the interesting subject 
of the adaptation of the various colours of flowers to fertilization 
by insect agency, about which much has been, and very much 
might be, written. As Hermann Miillcr points out in his moat 
recent publication, £ changes in the colour or form of flowers 
■which are serviceable to them for purposes of fertilization, can 
only be the result of external physical causes, and must W 
perpetuated by natural selection acting on heredity. This 
writer, who has made the subject specially his own, fully 
conhrms the statement of the greater brightness of colour of 
the flora of the Alps as compared with that of the plains, a 
result not only of the occurrence of brighter-flowered species, 



| Acta hort. Petrop. VI. a. p. 279. 

ot. franc*, uvii. (18*)), p. 
t Alpn&lwnen ; ikrt firfrachtuna durcn Intthteit und ihrt 

.J. 1 II. T~L "_ ILjjjl 



t Butt. Sue. Bot. i 



i. (1680), p. 103. 



mndUtdbm. J^a^,, lbUi . 
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but also of the greater intensity of colour in the same species. 
This he attributes to the greater transparency of the mountain 
air, and consequent more intense light, an explanation which is 
confirmed by the experiments of Siemens with the electric 
light.* The observations of Muller with regard to the pre- 
valent colours of Alpine flowers are completely in accord with 
those stated above, viz., the comparative scarcity of white, and 
the remarkable prevalence of red and blue flowers ; he further 
states that those flowers only are red or blue which are visited 
chiefly or exclusively by bees and ' hover-flies ' (Syrphid®). 
It would be interesting to compare this fact with the time of 
year at which these groups of insects are most abundant. 

The conclusions arrived at in this paper are somewhat at 
variance with those of Mr. Buchan,t who states that the blues, 
on the average, flower considerably the earliest ; then, in order, 
the whites, purples, and, lastly, the yellows and reds. It is 
possible that the discrepancy may arise from Mr. Buchan 
having based his result on the entire English flora, while I 
have taken only the commonest flowers. 

• See Nature, 1880, vol. xxi. No. 635. 

t Proceedings of Edinburgh Botanical Society, 1876. 
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THE RETREAT OF THE EUROPEAN GLACIERS. 

By Professor C. DUFOUR. # 



^ 1870, when M. F. A. Forel and myself were on the Rhone 
glacier, we mapped the front of the glacier. I havo since 
eatedly communicated to the Society the results of fresh 
isurements which have been made there, and which, year by 
r, have shown that this glacier was undergoing a considcr- 
e diminution, so that, in 1879, it had gone beyond all 
vious limits, so far as the memory of the inhabitants of 
country could go back. This retreat, which commenced 
>ut 1855 or 1856, is not peculiar to the Rhone glacier ; it is 
general phenomenon throughout the chain of the Alps, 
aough it did not commence everywhere at the same time, 
ic glaciers were advancing when others were decreasing, 
t at present it may be said that the retrograde movement 
i become the rule in all the Alpine regions. 
In 1878, at the Scientific Congress in Faris, I had tho 
x>rtunity of conversing on this suoiect with several French 
ants, and learned from them that tho glaciers of tho 
renees were in the same case ; all of them had diminished! 
1 some had actually disappeared It then became an intor- 
ing point to ascertain whether tho other European glaciers, 
>se of the Caucasus and of Scandinavia, presented the some 
enomenon. With this purpose in view, I applied, with 
^ard to the former, to M. Wild, the director of the Central 
ysical Observatory of Russia, and with regard to tho latter, 
a Swede, M. Nystrom. These two gentlemen were kind 
)ugh to obtain the information that I asked for, and from 
jir investigations it appeared that these groups of glaciers 
i diminished in the same way as those of the Alps and 
renees. In the Caucasus the retreat commenced, as in the 

* From th# Bulletin de la SocietS Vaudoise de$ Sciences Naturelles, Serf* 
roL xvii. pp. 422-425. 
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case of the Rhone glacier, in 1855 or 1856. In Scandin 
it appeared to have varied from one glacier to another, hut it 
has now hecome general. M. Nystrom was so kn 
consult the illustrious Swedish traveller, M. Nordcuskiold, 
upon this subject, who told him that the glaciers of Spitzbcrgen 
had undergone a similar diminution during the last few year*. 

In August, 1880, I laid a communication on this subject 
before the Scientific Congress at Rheims. In the discussion 
which arose upon the matter, several people cited facts in 
support of those which I had pointed out ; and one of thow 
who took part in the debate, and who had been several 1' 
to Greenland, had observed that the glaciers of that country 
had also retreated considerably. 

It would be interesting to know what has been the « 
tion of the Asiatic and American glaciers, and of those of the 
southern hemisphere, during the same periods. But in any 
case the retreat of the four great European groups of glaciers, 
those of the Pyrenees, the Alps, the Caucasus, and Scandinavia, 
as well as those of Greenland and Spitsbergen, is a feet of 
great importance in physical geography, since it involves all 
those of the northern hemisphere over an extent of 100° of 
longitude. It is well worth while to pay attention to it, and 
to watch the progress of the phenomenon. 

It is perhaps difficult at the moment to indicate the i 
of this retreat, for, from the meteorological point of view, tli* 
last few years have not been very different from those which 
preceded them. Moreover, the advance or the retr 
glacier depends upon several factors ; first of all, upon the boat 
and humidity of the summer, and then upon the frequency ui 
intensity of warm winds. As regards heat, and wind, the 
consequences arc indirect, but they are less so with resjiect 
to humidity. In fact, as M. Forel and I have shown by 
experiments made in 1870 upon the Rhone glacier, the 
aqueous vapour of the atmosphere condenses upon the ice, 
as it condenses in winter upon the glass windows of our room*, 
and this water of condensation considerably augments tbe 
volume of the water that issues from the glacier; now this 
co n den sat ion is accompanied by an evolution of latent heat, 
which contributes greatly to the melting of the ice. But 
the extent of a glacier depends not only upon the forcei 
which tend to destroy it, but fdso upon those which tend to 
form it, that is to say, upon the accumulation of snow in the 
basin of reception which is the origin of the glacier. These 
snows, which by degrees' become converted into ice, U 
considerable quantities, and represent the falls which have 
taken place during several years. This mass moves slowly. 
and it is not until the lapse ot a great many yean that thf i0% 
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ius formed, arrives at the bottom of the glacier, where it melts. 
11 this ice, therefore, represents the sum of the meteorological 
ctions that have taken place during a very long period of time, 
erhaps more than a century. 

It would, therefore, be a mistake to seek in the last few 
ears alone the cause of that retreat of the glaciers which we 
an now demonstrate. This would, no doubt, be the right course 
: the retreat were caused solely by a more rapid melting, but 
; is quite otherwise if this cause ascends to the very origin of 
be glacier. Now the latter is probably the case, for meteoro- 
>gical observations do not reveal to us any notable difference 
etween the last quarter of a century and a preceding period, 
liis is why the investigation of the great retreat of the 
iaciers that we now witness, must not be neglected ; it is right 
3 watch and trace it to the end in all those countries where 
b has been demonstrated ; and the cause of this retreat, if we 
acceed in ascertaining it, will be an important factor among 
hose which engage our attention in the study of the physics of 
be globe. 

Now, with regard to most glaciers, it is not difficult to 
ppreciate the amount of the retreat. It is only necessary 
o draw a map of the lower extremity, as I have done several 
imes with M . Forel in the case of the Rhone glacier ; and in a 
[uestion of this kind, with an element so variable as a glacier, 
t is not necessary to determine the position of each point 
rithin a centimetre or two. Upon the moraine in front of 
he glacier we have established two fixed points, by means of 
wo stakes firmly driven into the ground down to the level 
f its surface ; thence, with a small sextant, we determine the 
position of the most important points of the front of the 
glacier, which enables us to map it, and to see readily for each 
egion of the glacier the amount of the retreat from year to 
ear. 




THE STORAGE OF ELECTRICITY. 

By J. MUNKO, GB. 



THE last five years have been marked by an extraordinary 
development of electrical invention. They have given 

us the speaking telephone and the mirnipli ■. n-ljieli may u«» 

be found working conjointly in transmit! iu . 
human speech by wire in every clime, from London to Hono- 
lulu, and from Stockholm to Melbourne, Thi 
the duplex und quadruplcx modes of sending an ordini 
gram, so that two. and even four ivn 
import may be passed through a single overland line 
marine cable simultaneously, without either jostling or ob- 
literating one another. They have given us I 
to illuminate our streets, factories, and home- with 
sunshine; and they have given us the means cJ i 
power by electricity to great distances, so that in (he future wp 
may drive our looms and speed our trains I 
waterfalls among the hills, and light our beacons by I 
the waves which break around them. A thousand po 
of electric labour open on our sight, and in 
can prophesy what the next fifty years will fulfil. 

The application of electricity to h'ghting and motive pur- 
poses which promises so largely for the futun 
the recent perfection of the dynamo-electric i 
eli'chkity is. generated in a coil of wire rapidly rotated !d1 
netic space between the opposed polo* <.r twn powerful 
magnets. Unlike the clumsy and troublesonn 
it is compact and portable, and yield 
as the coil is rotated. This current may be conduct ■■■ 
to an electric lamp, and there transformed Intoa splend 
it maybe used instead of a battery -current 
■urns, after the fashion of the great ' 
impany of America-, or it vuuv be sent tin. . 
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dynamo-electric machine so as to set its coil rotating by a re- 
versal of the generating process, and thus perform work like 
any other engine. Electricity, then, can be produced in large 
quantities, and conveyed to long distances with the speed of 
light; but there remains another property which it would be 
well to have, if ever it is to become of universal service. It 
should be capable of being stored up, like water in a tank or 
coal-gas in a holder. 

Hitherto electricians have not been quite devoid of appa- 
ratus for storing electricity. They bad the contrivance known 
as a 'condenser,' in which two or more sheets of tinfoil, A, B, 
are separated by an insulating material, C, such as paper soaked 
in wax-paraffin, or mica. When A is connected to one pole of a 
voltaic battery and B to the other by the wires WW, the metal 
plates tak* in a charge of electricity, after the manner of the 
Leydi ri Jar, and will contain it for an indefinite time. To dis- 
charge them it is only necessary to connect A to B by a con- 
ductor; but this discharge is instantaneous, and therefore 
quite unsuited for electric lighting, or motive purposes, where a 
steady and continuous current is required. Besides the 'con- 
there is however another contrivance known as the 
. v buttery,' which takes in its charge by degrees and 
gives it out again just as gradually ; and under the exigencies 
of modern life, this apparatus has been so far improved within 
the last few months as to become a practical reservoir for elec- 
tricity. 

The ' secondary battery/ as it is called, originated, first of 
all, in a discovery made by a French mvunt named Gautherot as 
far back as 1801, or about a year after Volta's pile, the pro- 
genitor of the present voltaic battery, appeared. Gautherot 
connected wires of gold to the poles of the v olta pile, and when 
he plunged them in water to decompose it into its constituent 
gases, iiWL'i'ii and hydrogen, he m. aired tli:il I.lie.-e wires them- 
selves yielded a brief current after the pile itself had been 
disconnected, and always in a direction opposite to the current 
of the pile. This effect, which is familiar to students of elec- 
tricity under the name 'polarization of electrodes, 1 was re- 
marked still later by a Gentian physicist, Bitter, who fertilized 
the observation by his genius and thus created the first 'second- 
ary battery. ' Bitter devised several batteries for the express 
purpose of supplying these secondary currents ; he tried plates 
of platinum, silver, and iron in place of the gold wires of Gau- 
tlit.'i"!, and immersed them in solutions of different salts instead 
of water ; but he was wrong in supposing the return current 
to be due to electricity which had soaked into the plates or 
intervening fluid. The true explanation was given by Volta, 
Marianini, and afterwards by Becquere\, -woo &sro«^. *0oa.\, *C&& 

SEW SEHMS, VOL. V. NO. XX. *t 
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reaction arose from the oxygen and hydrogen of the decomposed 
water collecting on the metal plates and changing thel 
condition with respect to one another; making them, in short, 
like the two different metals of a voltaic cell instead of nee 
and the same substance. This explanation was further verified 
i, who, in 1843, actually constructed a ' gas butterv,* in 
which the positive and negative plates or poles of the combina- 
tion were both composed of sheet-platinum, but one was sur- 
rounded with oxygen gas and the other with hydrogen. On 
connecting these platinum plates by wire, a current was obtained 
from them, as in the'irdinarv voltaic cell. 
The liberation of gases which goes on in I 

well shown in the action of the voltameter. Fig-. 1. Here 
the current from b vith zinc and copper plate*, Z 

and C, ia passed through a little acidulated water cont 




are collected in the inverted tubes, II and < ». the hydrogen ap- 
pearing over the wire connected to the zinc or negative boh 
"I' the oatterv, and the oxygen over the copper or podtiva pete, 
In the secondary buttery these gases collect on the mi 
which are connected to the poles of the charging battery; ami 
when the latter is removed, the secondary current begins to 
How, provided always the circuit is completed by joi 

Jilute with u wire. The charging current flows through the 
iquid from the copper or positive pole to tho zinc or nega- 
tive pole; but the discharging current flows in tho contrary 
direction, that is to say, from the plate on which hydrogen was 
deposited to the plate on which oxygen was deposited. Speak- 

rally the secondary cm-rent flows through : 
from the plate which was connected to the negative pole of thr 



arging batten - or machine to the plate which was connected 
the positive pole ; and it continues until the separated gases 
ve all reconibined to form water. 
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ii 1859, a great improvement on the .secondary battery was 
ade by M. Gaston Plante, of Paris, who. after trying many 
fferent metals, selected plates of lead in preference to any 
her. Lead had been tried by Ritter and abandoned ; but in 




e hands of Plante, and latterly of Fanre, it has afforded a 
octical solution of the problem. Plante takes two sheets of 
" 4. B, Fig. 2, with projections, d <f , jnttuig faowi fossa, *sA. 
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after separating them by two strips of thick felt, C C, he rolls 
them up together and plunges then) into a vessel of water 
acidulated with sulphuric acid. As shown in Fig. 3, this ar- 
rangement constitutes a single cell ■■■ 
' electrodes * of which, d if, are drought up t! 
The large surface of the plates increases the capaci 
cell, and their close proximity to each other 
tenia] resistance. These cells oao be readily charged by i 
dynamo-electric machine, after the manner sketched in Fig 4, 
where the ends of the rotating coil are sees to be connected to 
the lead plates. Thus charged they will give back the current 
from the machine any reasonable 1' ■;. ■ irarda with 

very little hiss, and always the discharging current flows oul of 
the electrode by which it formerly Sowed in as a charging 
current 

Age improves their capacity, for the repeated charging 
forms a thick film of brown peroxide of lend on tho surface of 







the plate at which the oxygen collects, and the other plate 
acquires a spongy texture owing to the gases liberated then'. 
During the discharging of (he cell, the plate which was peroxi- 
dized in charging, becomes again deoxidized, and the current 
flows until this process is complete. 

Planters battery has long bcou used by surgeons as a port- 
able store of electricity for supplying the current n< 
white-heat the fine platinum wire with which they perform tin 
actual cautery. A single cell charged by a pair nf ]'n 
before the surgeon starts on hia rounds is sufficient for this pur- 
pose. It has also been used to feed a small electric lamp hy 
meaDS of a considerable number of cells coupled together ou & 
por tabl e frame. 

Within the last few weeks, however, a further improvement 
has been mado on Planters secondary battery by M. Cam ill* 
Faure, who has obviated the waste of time necessary to produce 
the film of peroxide on tJh.c YVu&i \\,iw- V>\ susvaunding each 
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ate in the first place with a layer of red lead, or minium, 

nto a paste with water, and enclosing it in a sheath of 
"he two lead plates are then laid one over the other, aa 
5, and rolled together, then placed in the lead vessel 

ented in Fig. 6. Thus constructed, the minium of one 
itself oxidized by the charging current and tha pre- 

ly formation of peroxide from the lead which took place 




nte/s original form ia avoided, whilst the capacity of the 
arrangement for electricity is considerably greater than 
Plante. How much greater, it is difficult to determine 
early date. One electrician claims a forty-fold increase of 
V, weight for weight, and another puts down the increase 
20 per cent It is tolerably certain, however, that a 
Kitterv weighing 105 lbs. is capable of storing a quantity 

trie energy equivalent to one-horse power oi work es- 



for an hour. Such a battery waa recently sent from 
1 Sir William Thomson, at Glasgow; and that dis- 
ed physicist has published his opinion that an nccumu- 
ighing fifteen hundredweight will suffice to operate for 
j from one charge, doing work at the uniform rate of 
o power and with a loss of only 10 per cent of, the 
I charge through leakage and so on. 
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Experiment alone can demonstrate the practical value 

Faiire accumulator ; but Sir William Thomson thinks that il 
will not be too heavy to place on board a tram-car or an omnibus, 
in order to drive the vehicle by its charge in preference to 
horses. This would be effected "by reversing the arrangement 
shown in Fig. 4, and causing the discharge of the batten,', B, to 
rotate the coil, C ; the motion thus produced being, of course, 
communicated to the wheels of the carriage. In the Siemeas 
electric railway in Berlin, the electricity is conveyed by a win 
along the track from a stationary generator at one terminus of 
the line to the coil of a dynamo-electric machine attached to the 
locomotive ; but there are cases of locomotion in which this plan 
cannot be followed. Omnibuses, for instance, require to be in- 
dependent of such a. wire, so do boats, balloons, and tricycles. 
The electricity required to turn the wheels of such free and 
independent vehicles must therefore be carried with them, either 
in a voltaic battery, from which it can be got at first hand, or 
in a secondary battery, giving it at second hand. But in point 
of lightness and convenience, the aecondary battery is fitt 
superior to the other, so that wo may expect it to be preferred. 
Becent experiments, by M. Trouve of Paris, have shown ihst 
boats, launches, and velocipedes, may be successfully driven by 
the electric current ; mid the prospect is all the better now that 
M. Faure's secondary buttery has come out. 

In surgery it has already proved its usefulness in 
of Prof. George Buchanan, of Glasgow, who ■ 
tumour from the fore-tongue of a lad, without losing 
blood, through the agency of a wire heated to redn 
current stored in n Faure battery, 9 inches high by 5 null.- in 
diameter. It is in electric lighting, however, that tli< 
at any rate some other secondary battery, will be most valuable 
According to Sir William Thomson, a batterj 
the above size, is sufficient to keep four or five of the electric 
lamps of Mr. Swan glowing for at least six hours, with a total 
luminous effect of 100 candles! It follows that with 
such batteries stationed iu a house, and charged with electricity 
during the day by means of wires from the works I 
current is generated, it. will be possible to light up the rooms 
by night, and perform such light operations ;i> turaiai 
mill or a sewing-machine. The same battery will 
sewing-machine several hours a-day for a week. In 
not going too far to say that an electric reservoir will be a» 
much a part and parcel of tho home in future as a wnter- 
eistern or a coal-bin is to-dav. 



ON THE FORMATION OF THE TAILS OF COMETS. 
Bt M. FATE.' 



Fthe Camples limdus of June '27, 1 read, not without surprise, 
a note by M. Flamnmrion, in which the learned author 
throws doubt upon the materiality of the tails of comets, and 
the existence of the repulsive force which produces them, a 
force the principal characters of which were formerly indicated 
by me. 

It is curious that these denials appear in the same number 
of the Cmptes Rendua as the spectroscopic observations of 
MJI. Huggins, Wolf, and Thollon, which show in the analysis 
of the light of the present comet the super-position of two 
apectra, evidently duo to the presence of material molecules, 
some reflecting the light of the sun, the others also emitting a 
light of their own. Moreover, this is what spectrum analysis 
has proved for all comets, without exception. 

The argument upon wh" ,h M. Flammarion depends recurs 
to the idea that the comet i^trrics its tail as a sort of brush con- 
tinuous with itself. He concludes that the extremity of this 
brush must sweep through space with the frightful velocity of 
10,000 leagues per secoud ; and in consequence the above- 
mentioned brush is not a body, but an appearance, a sort of 
luminous phantom due to the excitation of the ether situated 
behind the comet. 

This is due to a misunderstanding of one of the greatest 
scientific problems of our epoch. There is not an astronomer 
who believes that the tail of a comet is a rigid whule attached 
to the nucleus : one might as well imagine that the smoke of a 
■ (t that started from Havre, and that one sees arriving 
at New York, has crossed the Atlantic with the vessel. It is 
two centuries since Newtou explained these matters by showing 
that each section of the tail taken at a given moment was 

* Head before the Academy of Sciences ot Ymis, Sk^s \\,\%V 
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■ I by the head at an antecedent period— a pea 
distant in proportion as the section itself u 
from the nucleus, Each of these sections has foil 

y different from that of t! 
the comet; and the fail, in its entirety, is nothing 

of the positions occupied at ti given moment by the 
frails of cometary matter successively emitted Bad 
driven "IT on the prccedm;; davs, without th 
them any other connexion than the velocity of translation which 
they possessed in common at their points of departure. 

Calculation applies pa I 
means mysterious phenomena. Bessel furnished then 
which enables us to determine by the curvature of the '.'id the 
intensity of the force that produced it. Quite recently, JI-Bre- 
dichin, director of the Observatory at Moscow, has obtained 
from it most interesting results. 

As to this force which M. Fhimniarion denies, al 
every cornel we see its effects marked in the heavens [] 
features, it is certain that matters go on as it' the Sim m 
endowed with two actions — one attractive, belonging to its 
mass, the other repulsive, due to its electric (< >lb< i ■ ■ 
polar (Bessel), or colorific (Faye) state. We maj ■ 
essence, or its physical nature, bul not its mechanical i 
iis I have defined them, because these characters n 
flu.- observed facte, namely, — 

1. This repulsive force is not proportionate to the massei, 
like attraction, but to the surfaces. Hence it produces tot 
more marked effects in proportion as the matters subjected to A 

dense. 

2. This force is not exerted through all matter, ! : . 

tion; it is ou the contrary weakened, or even arrested by the 
interposition of the smallest screen. 

3. It is nut propagated instantaneously, like attrac 
gradually, like light and heat. It results from this thut til 
action upon a point in motion is not exerted in the same direc- 
tion as attraction, even though the two forces emanate from 
the same body. 

; i!v, ibis I'uree varies inversely to tho square of the 
distance, Like the intensity of light and heat. This is the sole 
point of resemblance between the two forces which the Sufi 

imultaneously upon all bodies, one which is 
« iili its mass, and therefore invariable, the other with it> phy- 
■-;c:il oonditioa and conaeqa . 

This tatter force necessarily affects tho planets and their 
satellites as well as the comets. The firs? of the four charactcn 

■ i e just indicated will explain how its action upon the 
^■Jntk, which are of mcompwnibVj greater i^v^\^ >as, Wfc.«tt 
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'aped the notice of astronomers. It is a problem reserved for 
a comparatively near future. 

It is exerted also upon our planet at the boundaries of our 
atmosphere, but its meteorological effects are masked by those 
of solar radiation, which is much more powerful, and the period 
of which is exactly the same. I have at least endeavoured to 
demonstrate its presence amuud us by the action of incandescent 
lamin:e upon very rarified matter, which I rendered visible by 
nutans of electrical currents. In this great difficulties are met 
with, which will not. surprise any one who considers the trouble 
it lias taken to compel even attraction to manifest itself about 
us between neighbouring bodies. 

In conclusion, I would indicate that the simultaneous 
cxi-tence of several tails, with very different curvatures, is one 
"i ill'.- must -I liking veriticut ions of the characters above assigned 
to the repulsive force. These multiple tails arc not exceptional 
as was formerly supposed ; their presence is a fact which tends 
to become generalized as comets are observed with very powerful 
instruments. It is true that the present comet seems to have 
only one, but this is no doubt due to our being at no great 
distaiin' from the plane of tho orbit, the plane in which all the 
tails are formed, so that, so far as we are concerned, they are 
projected one upon the other. It is for the same reason that 
iln t^iil of the present comet is apparently straight. If instead 
of seeing it edgewise we saw in face, its natural curvature would 
strike all eyes. 
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ATYOIDA POTIfflBIM, A ilTTD-EATEVG FRESH- 
WATER PRAW>- 

Br Da. FBITZ MULLER.* 



THE cleaning of the branchial cavities is performed in some 
Prawns, such as Palmmon, by the first pair of thoracic 
feet ; in the Hermit Crabs, Poreelbtna, &c, by the last pair of 
those feet ; and in the true Crabs, by the flagella of the three 
pairs of jaw-feet. This function is performed in on 
quite different manner in a small Prawn found in 
llajahy, Atyoida Potimirim. This little Fruwn further presents 
w> many remarkable peculiarities, that some account of it may 
not be un interesting even- to those readers who do not know 
much about Crustacea. 

The first thing that strikes erne is the structure of the hands 
(claws) or chela; with which, as ui the greal majority of the 
Prawns, the first two pairs of thoracic limbs are aruied. The 
elaws,or hands, of Crabs and Lobsters are produced from ordinary 
walking limbs, by the development of a process of tin I 
but one beyond the articulation of the last joint, the last joint 
and this process being then opposed to each other, We thus 
have to distinguish the movable finger, the immovabh' ihuinh 
(the process), and the true hand; the latter, as every one fcxunm 
who has eaten a crab or a lobster, forming the main mass of 
the daw, and enclosing the powerful muscles which move the 
finger, 

In our Alyniiln, however, we can hardly 
hand in contradistinction to the thumb ; the chela is cleft 
through its whole length, and the joints of the h 
finger are at the same level. To add to the extn 
aspect of the claw, the hand is very freely' articulated 
tower angle of the deeply-notched fore-arm, and the apical 
third of each of its divisions is furnished with a dense 



1 K'.jmot, Bivni itl. ^. \\~ . 
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ATYOTDA rOTIMIEIM, A MUD-EATING IRESHWATER PRAWTf. 

of remarkably long bristles. When the hand is closed, 
these bristles meet together to form a long, pointed pern 
They are always seen thus in dead animal*, and the hands '* 
appear quite unfitted for seizing anything, and give no i 
to suspect what an attractive spectacle they present in the 
living animal, and how beautifully they are adapted to the 
food of the animal. This consists of mud, especially the fine 
mud which settles on aquatic plants and is rich in all sorts of 
minute living creatures, as well as in decomposing animal and 
vegetable matters. When the hand opens, the bristles forming 
the pencil spread out in the same plane, arrange themselves 
almost perpendicularly to the margins of the fingers, and thus 
constitute two broad fans, which can take between them a 
quantity of fine mud particles swept off the leaves of plants ; 
as the hand closes, the bristles also close together again from 
all sides, and thus press together the food collected into a small 
morsel, which is conveyed, or rather flung, into the mouth, all 
the movements being so rapid as scarcely to be followed by the 
■ \i . Scarcely is one morsel swallowed, when there comes a 
noond and then a third hand with a new cargo. "When the 
animals are feeding upon the soft mud of the bottom, where 
they have only to lay about them briskly, the four hands whirl 
(bout one over the other with the most restless rapidity. The 
inner bristles of the fingers are considerably shorter and stiffer 
ihi.li (he outer ones; the latter are simple, the former pecti- 
nated ; they enable the fingers lo strip off the adherent slime 
from delicate roots and stems, which they take between them. 
It is also very pretty to see the animal lying in wait, if I may 
use the expression, to seize the fine particles of food floating in 
the water, whirled towards it by the outer branches of the 
middle and posterior jaw-feet. The chela?, opened about ai R 
right angle, bang down from the fore-arm, and nil foul of 
them form a transverse series, the second pair of feet, although 
articulated further back, being longer than the first pair ; and 
from the great breadth that each separate hand acquires from 
its long bristles being spread out laterally, they keep watch 
nver s very considerable space. From lime to time we see one 
or (he other of the chela; close up and move towards the 
mouth. 

The structure of the organs of the mouth, like thai of the 
hands, is connected with this mode of nutrition, and differs in 
many respects from that occurring in the I'ala?mouidaj and other 
Prawns, as indeed in the other Decapoda generally. The 
hinder maxilla), the anterior jaw-feet, and in a less degree 
also the middle jaw-feet, have a remarkably long, straight 
inner margin, densely clothed with stiff bristles, some of which 
axe of very peculiar form. It will lie easily uu&e'vAcrtA Vw« 
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(•doors, with their dense armature of 
must I"' in ilii reception <>f morsels nude op of fint, 
loose particles, merely pressed together. 

The mi ■ markable. Qui'- 

it lias been put forward, a- a distinct 
Long-toiled Decapods nod the Mysidiv, (hat '■ 
mandibles ore nimilar In the Sacrum, diesh 
Very different, in the Mysitbe.' Even leaving jili/n ■ 
tlir question, t!ii- -ii]i[k.-i ■] distinction will not hold 
th< I'll, i monida?, for example, the tubercles of the nun 
processes are quite different to the right ;ind left) : but 

■■■'■■j. 1 he Sfacrura have I seen so great n difforem - 
the twu inuinlihli'S hi in cur Atyoiiht, where it strife ■■ 
6rs1 glance. I would regard this as an old inherited 
rather than as a recent adaptation, more especially ■ 
in other n^ped*. ,-iNn, the uutudihl 
In those Prawns which have retained to the present 

aiplete and original developmental hi 
dibles, at their first appearance in the interior of tin I 
of Umba of the Nauplius, show an apical 
cutting teeth, ;i niiiii(hi< atory process furnished with I 
ridge* behind (bis, and between the two a series ol 

. nd Mi- same three parts m ,i'y<»'<l«. Such ninndiblc% 
are nowadays rare among the Docapodn, hut, frequent in 
others of the higher Crustacea, such as the Ampbipod* and 
I hmuwes. 

The two pairs of feet which follow the chela) (the 
fourth thoracic limbs) are slender walking limbs, ■■■ 
• if which is armed with from six to nine curved, claw-like 
spines, such as arc also met with in other Prawns (i 
Ifftf), which, like nor specie?, are fond of clinging to plan* 
The l.i-t or littii pair of limbs is also employed in walking and 

: und litis a few curved spines at the end of tl 
but in addition to these, the lower edge of the fingi 
delicate comb, employed especially in cleansing the abdomen. 

oiatic cleansing of the abdomen is performed by tl - 
animal with great care and deliberation, and oceupii 
minutes, h commences with the tirst pair of swimuiing feet, 
the four following ones being for the time laid back; when 
the first pair and the space between the first and i 
clean, the second pair comes up, then the third, an 
Last of nil, it comes to the turn of the tail, which bfl 
rerv much forward in order to come within reach of tfa 
Neither tie two anterior pairs of limbs, the handi 

riiich, with 1 1«< -ii- li.m^ bristles, may occasional! 
■weeping about the fore part of the body, nor those oi 
paij^iir adapted to penetrate wto ftia YrcanOtisX. tw^i*» «od 






cleanse them. 15n* i gfofmt nr Th* iw^isnir TUExITiR. Ii 
is well known lata: iL uL ZjezwtaoL zittsat Tnimiia ia.~* ra«>» 
nallv a large broad iiifitt. finii 2* aiia:***L it?* i tutt* iii xbe 
outlet of the ^wgnw^fci s ka 1:4, miL ~ir»~ in* nu^sausL"^ TmrmTKTn* 
the respiiatoasy ccrrsniz i. "iii* vt Esmimisi nuirf or ie» 
distinctly an anseniar per: ani i. in^n/Hir <*!*rtiaL. of "wiiiii 
the former nmsi bt inssrursKfiC a* iit± outer nrnnii. tzi£ lie 
latter as the fagtSbim. *W"iisl Tiit liiirfc aerr-ps inl^r a* * tl}t^ 
for regulating ihs- rftHprngarr snrrarL. *ud* iiiiasr «snaan is 
short and traneisedL, ur nnznaijt u£ in lEut -emi i*ud **ssrriahr 
extends into the IcxnExdiu -ctrirr iafciz: zl Palwunn^ iur 
example, it readies ol2t t& xiit ^£Z u: in*- inner iL-w-fdtfL In 
Atyoida, on the cantncy. ix> "rrhiyr ?#:*nii:iii i> l-rjtiig and 
narrow, tapering lowrad* tit ta^rsmrrx. iojS here fnndsbed 
with about a dozen very Ion? nf^rfrtkr brijck^ : it reaches as 
far as the last gOl bat two. viki 5* =ei£etd iq>:m the third pair 
of feet, and its apoeal bragfe* Vj i&* jrjgrjs&jz extremity of the 
branchial cavitr. Tims, as narr easQv be ascertained bv the 
examination of sufficiently vmzispareiil living amrmals, the 
whole outer surface of the hranehis: may be swept by it. 

Another arrangement may assist in keeping the branchial 
cavity clear, and this occurs also in many other prawns, such as 
the very large genus Hippdyi*. The posterior jaw feet and a 
variable number of the thoracic feet in Atyoidi Poiinririm the 
first three pairs) bear a minute flagellar appendage, which, 
from its small size, might be regarded as stunted if its peculiar 
structure did not contradict any such notion. In our Atyoida, 
it may be described as a small sausage-like appendage which 
originates near the anterior margin of the coxa, and, being 
directed backward, is applied by its inner surface to the outer 
surface of the coxa. Its outer surface is beset with about a 
dozen rather long, straight hairs, arranged in two rows, and its 
free extremity is furnished with a hook, which probably serves 
to keep it in position. These flagellar appendages then lie in 
the entrance to the branchial cavity, in the fissure between the 
coxa) of the feet and the lower margin of the carapace ; they 
narrow this entrance, and thus, as also by their armature of 
hairs prevent the entrance of foreign bodies. 

But, it will be objected, they are deficient precisely where 
they would be most necessary, namely, where the water flows 
most rapidly into the branchial cavity, above the fourth and 
fifth pairs of feet. Here, however, there is another very pecu- 
liar arrangement for the same purpose, and one that, so iar i 
know, has been observed in no other prawn. The abdoc 
feet of the prawns, as is well known, are (with few excel 
of two branches ; the branches usually have t' 
shaped leaves, the margins of which arc 
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plumose swimming-bristle*. In repose, these nrim 
tire thrown forward and Laid betww ■ limb*. Pa- 

tike all other prawns thai I ■ 

brauch of the brst pair of swimming feet i* not laid between the 
>f the thorax, but outside over them and the entrance 
to the branchial cavity, so that nil the water entering here is 
strained through its plumose bain." 

The males of onr Ati/ouia are much smaller than the females; 
I never found the former more than 15 millimetres, while the 
latter were as much as :■■ millimetres long. 
males are equipped with of! ijtons, and 

the more violently they struggle for the possession of their 
females, the more do they usually exceed the iatti 
This is the case among the prawns of the Itajahy with the male 
of Pa/amon jamaici ■ Ire of more than a foot in 

length almost always bear traces of the battles which it ha- 
fought with its rivals. Where weapons are want 
female often attains a larger size, which is prohaobj 
duced by the much greater expenditure of material . 
by the eggs. To give a second example belonging to the series 
of the higher Crustacea, I will refer to the Tatuira < !i 
rita), the males of which likewise appear quite dwarf 
siil.' oi'tho females. Just as in .V-j-M'i the males have become 
or remained unarmed by the adaptation of the chela; * 
poses of mud-eating, in the Ilippi, which burrows in 
this has come about by the conversion of the apical joints of the 
legs into broad shovels, only available for digging. 

The hands of the male Atyohto seem to be unfitted nol onlj 
for contests with their rivals, but also for seizing and 
the females, and it is therefore not surprising that other arrange- 
ments have been developed in them, such as we do Oi 
other prawns whose hands are sufficiently capable of . 
Thus the terminal spine of the posterior jaw-feet, which a 
straight in the female, is converted in the male into a OOTtI 6 
claw ; and on the inner surface of the tibia,- of the third and 
fourth pairs of feet there is a strong denticulated spine, and 
opposite to it numerous wartlike tubercles, which, like 
are entirely wanting in the female. 

There is yet another remarkable difference between lie 
sexes to which I must refer. In the males, the infei ■■ 
of the anterior margin of the carapace ia rounded, wbil 
females it is produced into an acute tooth (Simpson's 
pterygostomiana '). Exception* (<j this rulean 
armature of the anterior margin of the carapace has hitherto 
* From MUne-Edwarda' figure 'if Caridtna ft/put ( u 

bu , :i'_'. 'II, I concltido tluit in iLii* respect the nearly allied g 
■s will) Atyoida. 
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not only served as a certain character for species, but it has 
even been employed for the distinction of genera. Thus, the 

Snus Heandtr baa been separated from Pafamon solely because 
e former possesses a ' spina branchiostegiana,' but no ' spina 
hepatica ; ' and the latter a ' spina hepatica,' but no ' spina 
branchiostcgiana.' Now, in At\joi<la Potimirim the presence or 
absence of the ' spina pterygostomiana ' constitutes a simple dis- 
tinction of sex or age, for all the younger females of less than 
12 millimetres long agree with the males in wanting the spine 
at the lower angle of the carapace. As the males remain much 
smaller than the females, it seems quite intelligible that many 
peculiarities of the females, which only make their appearance 
when the latter have grown to exceed the size of the males, 
may never arrive at development in the latter. In this way, 
for example, we may explain the difference in the number of 
bristles at the extremity of the last segment of the body, or the 
middle caudal plate (Tefoon) in adult males and females, as this 
number in general increases with size and age, although it is 
not always the case that larger animals have more numerous 
bristles. In eleven young animals, 8-12 millimetres long, 
which aa yet showed no external sexual differences, I found 
from 6 to 9, or an average of 7'1 bristles ; ten males of 12—13 
millimetres had 8-10, or an average of 8'7 bristles ; in eleven 
males of 14-10 millimetres, the number of bristles varied be- 
tween 8 and 10, but the average amounted to 99 ; in nine 
females of 12-19 millimetres there were 8-14, average 10*(3 
bristles; and lastly, in fourteen females of 20-24 millimetres. 
from 12 to 17. or an average of 144 bristles, were present.* 

It would be equally easy to correlate the absence, of the 
tooth at the lower angle of the carapace in the males with their 
smaller size, if it were not that in females of 13-15 millimetres 
in length, which consequently do not yet exceed the adult males 
in size, the tooth is already at all events indicated, and in 
general even developed to its full size. Under these circum- 
stances the most probable supposition seems to me to be that 
the ' spina pterygostomiana ' first appeared in adult, or nearly 
adult, females, and in course of time was produced in younger 
and younger individuals of the same sex. However this may 
he, we have here a notable exception to the almost universal 
rale that the males depart further than the females from the 
common youthful form. 

As our A ti/oitla differs in a whole series of peculiarities from 
the ordinary structure of the Prawns, such as Palwmon, Hippo- 

• This number of bristles, which varies so much in At i/'iitla I'vfimiriyn, has 
been *doj>te<i Ijy Heller in the case of the nearly allied" peons CaHJitm nmong 
the generic cbaraclera; he ascribes to it nine seta? (Heller, Onutacecn da tiij- 
lichen Europa, p. 238). 
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lyte, Alpheus, &c., so are species, genera, and families in general 
usually distinguished from their relatives and ancestors by 
numerous characters and not by a single one. And just as we 
can generally recognize no causal connexion between these 
various characters, so also in the case of Atyoida we should 
scarcely suspect anything of the kind, — for example, between 
the structure of the chela), that of the posterior m^xillm and 
the different armature of the carapace in the two sexes, had we 
only anatomized the dead animals. But so soon as we observe 
these little prawns living in all their activity, their mode of 
feeding at once explains the structure of their chelae and 
buccal organs and their residence on plants, and this, again, 
the many-clawed fingers of their walking feet ; we see how, ai 
the structure of the chelae renders them unsuitable for the 
cleansing of the branchial cavities, the form of the posterior 
maxillae, which become adapted to this office, and the altered 
position of the first pair of swimming feet, come into connexion; 
the unarmed condition of the males enables us to understand 
their smaller size, and this again, the youthful structure of 
their carapace, &c. &c. ; in short, all their manifold peculiarities 
at once come into the closest relation to one another, and we 
may hope that in many other cases, also, by careful observations 
of living animals, many apparently unconnected structures, for 
which at present a mysterious correlation of parts is made 
responsible, will come to be recognized as reciprocally causative 
results of Natural Selection. 



THE MODE OF ACTION OF FACETTED EYES. 
By PBOFEBSOB BB3MUNB EXNER.* 



5 is generally known that the organ of vision in the animal 
kingdom lias been morphologically devclopi'il in two direc- 
o direction to the eye of the vertehrate, in the other 
i the facetted eye. Quite recently, Grenadier's anatomical 
ligations have led to the discovery of the common starting- 
Tit of these two developmental forms, and to the tracing from 
f the foundation of this sensory organ, f That the optical part 
E the eye of a vertebrate throws a picture of the objects in the 
ter world upon the retina, has long been known, and it may 
e demonstrated in the eye of any albino rabbit ; that this pic- 
e has a physiological significance may be affirmed with cer- 
inty, for those rays, and only those rays, which produce a 
wint of the retinal picture are those which lead to the pcrcep- 
i of the corresponding points of the object. The picture is 

Affairs are more complicated in the case of the facetted eye. 
s SlullerJ was the first to assert that this eye also has a 
1 picture, and that it is erect. The mode in which it is 
iduced may be explained as follows : — If we imagine the in- 
l eye deprived of the exquisite transparent structures, the 
i crystalline cone, it may be conceived as a segment of 
a rather thick, hollow sphere, consisting of a pigmented mass, 
pierced by numerous close-set perforations running towards the 
centre of the sphere. If we further imagine the inner surface 
of the spherical segment coated with a membrane, it is clear 
that a picture of external objects must bo produced upon the 
latter. Thus, as through the above perforations, only those rays 
can reach the membrane which run in, or nearly in, tlie axis of 

• Xobgim Im i '. ntratbiatt, Juhrg. I. p. 272. 

■f UntrrsH, lninijfii iiber iln* St-hm-i/tiii d.r Arlhr»]t.nh , n. * iutim^eti, Jf?70. 

* "Mr Vtrgkichmdm Phyiioluyie dn Getie/ituituu, Leipzig, 1830. 
V SERIES, VOL. V. SO, XX. Z 
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the perforation, the portion of membrane which clows (lie per- 
foration within can r ivi- light only from a very [united direc- 
tion. This direction is difl perforation, ffwi 
draw the rays for the individual points ot the obji 
run in the axis of the perforation, we see that they matt pro. 
duce an erect picture of it upon the supposed menili! 
reality, however, no membrane, in the ordii 
word, is stretched over the inner apertures of the pi 
but the nervous elements, which in combination certainly form 
the retina, arc implanted in the inner parts of the pi i 

From this we see at once that the facetted 
aides of an animal must command nearly the whole epaee 
around it; for each eye, by means of its curvature, i 
more than the half of all possible directions, and the 
in consequence of their position, reciprocally com]'' 
other. A portion of any nbjeci at any time in tl . 
vision is simultaneously seen by both eyes. We Bee 
from the imaginary picture above given, that :;, 
picture, when compared with that of the verteb 
will leave much to be desired in the matter of sharpai 
the sharpness will increase with the number nt' 
on the hemisphere; but that the strength of illumination of 
each retinal element will diminish as the number incn 

As regards the corneal facets and crystalline o> i 
according to Johannes Midler, produce no change in I 
of the eye, but rather serve only to increase the bright: 
whole picture. 

This was the position of matters until the j 
Goftwhe* then remarked that in the eye of a fly which had beta 
freed from pigment by means of a cataract needle, a great 
number of minute picture* el' e-xii 
siderable sharpness, could be detected under the m 
Each of them was situated over a facet of the cornea (the light 
coming from below towards the convexity of tb 
These pictures were reversed. Gotteche thought at ■ 
he had discovered the analogy with the eye of the 
each facet produced a retinal picture just like the 
eye; but man had only two, and the fly several buni 
A note of Johannes Miiller's, appended by him to Gottacua'a 
Memoir, appears to have been drawn up as if he agreed with 
Gotteche 'a ideas. In subsequent years a great number of 
authors, and among them LeydigJ and Max Schultze.g gave up 

* Miiller'i AreMv, 1852. 

t ThsM pictures were previously known to Leeuwenbtek. 

t Da» Aui/t dfr Olitdfrthin-e, 1804. 

£ Unttriucliuugt.il uber ilie aisamniengesetzten Augtn iter q*illw mti 
Intekttn, Bonn, 1809, 
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Johannes M tiller's theory of 'mosaic vision,' and, adopting 
Gottsche's interpretation, regarded each facet of the compound 
eye as an independent, perfect eye, possessing its retina and 
retinal picture. 

In 1871, Boll,* chieflv supported by anatomical facts, first 
suggested a return to the old Mullerian views. He had re- 
marked that, under favourable circumstances, small pictures of 
external objects can also be obtained through the rods (bacilli) 
of the retina of the newt, and his attention was then called to 
the physiological insignificance of such pictures. In point of 
fact, every fat-globule under the microscope shows compara- 
tively sharp pictures. 

Grenacner, who had published a preliminary statement of 
the results of his investigations in the Gottinger Nachrichtenft 
also opposed the interpretation of the facetted eyes in Gottsche's 
"way, which had become general, and expressed himself in 
favour of Muller's theory. A year after the appearance of this 
preliminary statement, and unfortunately without any know- 
ledge of it, I subjected the prevalent theory to a critical exami- 
nation of a more physical character,}: by studying the optical 
roperties of a special example, the eye of the Hydrophilus pice us. 
t appeared to be exceedingly questionable whether the picture, 
which was supposed to be a retinal picture, was at all to be re- 
garded as such optically ; and further, that this picture, and 
especially that of the fly which Gottsche studied, does not exist 
at all during life. It is produced only when the crystalline 
cone is removed, and this was done by Gottsche. During lifo, 
when the crystalline cone lies behind the corneal facet, it cannot 
be produced. 

On the contrary, I showed that the corneal facet and 
crystalline cone provide in the most remarkablo manner for the 
bringing together, at the bottom of the crystallino cone, of a 
comparatively large number of the rays issuing from that point 
of the object that lies in the axis of a facet. The corneal facet 
acts in this case as a lens ; and the crystallino cone by total 
reflection, as a catoptical apparatus. The rays which penotrato 
into it nearly parallel to its axis are, as it were, caught and 
conducted by reflection to its apex. Other rays, which enter 
at greater angles, may in part, by repeated reflcctioiiN 1m> re- 
jected again without reaching the apex of the cone ; part of 
them will pass the walls of the cone and be ubnorbed by the 
surrounding pigment, seeing that, at each reflection, the ungh* 
under which they strike the surface of the cone become* greater. 

• Du Boi*-Rtymond und ReicherCi Archiv, J 87 1 . 
t 1874. 

t Ueber das Sehen von Bewtgungen, und die ThtorU d*$ §uwmm*n~ 
gesetzte* Anges, Wien. Akad. tiitzungtb. 1H76. 
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Endeavours to test the a view failed at first, 

owing to the impossibility of placing under the microseopi- 
crystalline cones and corneal facets 
position and under conditions corresponding to tho 

ii lees, this test could be carried out at least upon am 
animal, and it perfectly confirmed the above view. J;, 
era glow-worm (I. 

amalgamated with the conical facets. If tin 
completely freed from pigment by a hair-pencil, then laid with 
the corneal surface upon a perforated iuie:i abjt 
the cornea closes the perforation, and then a i 
blood is placed in the hollow of the eye, and over ti 
film of mica, we have imitated as exi 

conditions as regards refraction and reflection. If we then 
look down through the microscope upou this preparation, 4 we 
see an absolutely black surface, sprinkled with vi I 
points. The effect is so striking that one cannot help 
that the object has not been freed from pigment. But if W 
turn it so that the light may fall perpendicularly to I ' 
the cones, these are seen, like the oornete, to ' ■ 
transparent, and perfectly free from pigment. This experiment 
shows, in fact, that, the rayspenetrnti7ig into the eye are guided 
by retraction and reflection to the apices of theorrstalli 
and that, if we leave out of consideration the small amounts 
that may return through the cornea, these are the only point* 
in the whole optical system from which they can Issue. There 
is nothing in tbe shape of a retinal picture in ' 
sense. 

Although it may be hoped that Gottsche's theory is for 
ever disposed of, and that ot Johannes Mutler reinstated in its 
rights, a now question arises out of this \ 
namely, how are we to explain the fact that two sense-organs, 
developed for the same outward purpose, show Buch 
of structure as occur in the eye of the vertebrate and the 
facetted eye ? 

Upon this subject I have also set up an hypothesi ■ 
making some physiological investigations upon the 
movements which, of course, related to the human eye, it struck 
mo that the facetted eye was much more advantageously con- 
structed for this speeiul purpose than the vertebrate eye. From 
the important part performed in the animal world by I 
of movements (the evidence of this is in my origins] 
it seems really not improbable that in it we have th< 
tho comprehension of the insect eyes. This is the sti 
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case. Let a very small, bright point move before the eye of a 
vertebrate; the latter will observe the movement, for the 
retinal element (I take only one for the sake of siinpliriivi, 
upon which the picture of the bright point first lay, lotee its 
excitation, and in place of it the nest one is excited, then, 
again, its neighbour, and so on. It is otherwise in the facetted 
eye. The structure of this is such that the light of the bright 
point penetrates into a whole group of facets, although in 
different quantities. The nerve- element of that facet, in the 
axis of which the bright point is situated, is most strongly 
excited ; the neighbouring facets lying in a circle around this 
receive less light: the circle in contact with these externally 
still less, &.c. If now the bright point moves, the excitation 
changes in nil these facets, increasing in the one hulf and 
diminishing in the other. Hence such a movement will bo a 
more striking phenomenon for the facetted eye than for the 
vertebrate eye. What is shown here in the case of a point 
of course applies to any moving object. 

My notioo, therefore is, that in the seeing of movements 
the facetted eye is superior to the eye of the vertebrate animal, 
but inferior to it in distiuguisbing objects — that is to say, in 
acuteness of vision. 

A further investigation upon this subject is due to Oskar 
Schmidt," In various crustaeeu und insects this observer found 
Crystalline cones, which are by no means cones in a geometrical 
sense, but rather bent after the fashion of n horn. This was 
more particularly studied in Phroiiima. In consequence of this 
observation Schmidt also turned against Gottscbe's conception 
of the eye, and in point of fact how should a picture be pro- 
duced by refraction at the bottom of a bent cone? 

Schmidt, however, regards bis new observations as also 
incompatible with the other theory. He soys: ' Nevertheless 
" mosaic vision " is also excluded in the ease of Phromma, for 
the pre-supposcd conditions for "mosaic vision," stroi 
of the axis of the refractive body, and absorption of the rays 
which enter laterally, do not occur here' 

I believe that 0. Schmidt's interesting discovery contains a 
Mnnrmation and not a refutation of the theory of ' mosaic 
vision,' for it is only compatible with this. The straij ■' 
the axis of the cone is not in my judgment a necessary con- 
dition of 'mosaic vision,' and the absorption of laterally pen 
trating rays is not prevented by the curvature of the Done! 

Imagine a cone with a straight axis, at the apex of which, 
tin rr i mi', as above explained, the rays which come approxi- 
mately from the direction a, are brought together. If wo now 






* Zeittehr. fir iviu. Zool Bd. xxx. &$$. 
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cut awmy the apex, sad attach to the cat surface a c 
jiarent rod, all the rajs which prcvi 
apex of the cone would penetrate into the rod, and be on 
further on in this rod, just as light-r 
the interior of curved glass rods. O. Schmidt has him**lf 
nude experiments of this kind. Some light will, of course, in 
general be lost in this process. This crystalline cone with the 
rod behaves now exactly like the curved crystalline cones of 
Phronima. Let us suppose that it conveys the light received 
from the direction a to the spot of the retina a, and then con- 
sider the neighbouring crystalline cone b. This may be so placed 
as regards its first portion and also its corneal facet, that, in 
accordance with the rules applying to the straight 
receives light from the direction b, which is close to the direc- 
tion it, and then it will convey this light further on, 
circuitous its course may be; and if its termination lies near ", 
it will deposit its light close to this upon the retinal sp 
this way the different directions of space will be reptf 
the same order upon the retina. All that ii 
fore, for the production of a ' mosaic picture ' h) t 
crystalline cone shall serve principally light of a ] 
direction, and that their extremities shall be placed in an order 
corresponding to tlits direction. According t 
by 0. Schmidt these two conditions are police ii 
Whether the light makes n circuitous rout' 
cone is a matter of subordinate consequence — naj . 
arrangement of their ends which are turned towards the light 
is quite indifferent, the direction of the axes of the 
alone important. Could we seize an insect-eye with 
form crystalline cones by the retina, and disarrang' i 
vidual cones, each with its cornea, as one can disarrange th* 
threads of a tassel, we should obtain a ' mosaic pictu] i 
of all curvatures and ihe displacement of the free i 
vided always that the first part of the cone, with i 
facet, bad the same direction in space after the displai 
before. 

As regards the absorption of laterally fii 
surrounding pigment, the curvature of the crystallini 
doubtless cause many rays not to be absorbed whi 
otherwise lie absorbed, and vice versa; the picture would thus 
lose somewhat in completeness, but why it should be 
is not easy to see. 

Last year (here appeared a monograph upon the. visual per- 
uhich are performed by thi 
Th e author occupied himself with th .shorpaea 

' Abliandl, tier Senckttib. maturj. GM»U«ch,^A.-»i\. 
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a which may be assumed for various insect-eyes from 
their anatomical structure. As two neighbouring facets include 
between their axes very different angles in different animals, it 
is to be expected that this circumstance will correspond to an 
unequal sharpness of vision, and of course that the sharpness is 
greater, the smaller the angles. Further, however, I do not 
think we can go with him in his conclusions, especially as we do 
not know in how many of the individual facets some sensation 
is produced by light issuing from the same point. Notthaft 
gives figures, although with some reserve, which are intended 
to show the sharpness of the retinal picture of a given object. 
These have been constructed, however, upon the supposition 
that rays from one point only excite one retinal element of 
a facetted eye, a supposition as to which at present wc know 
nothing. 

I will here pass over much interesting detail that this 
Memoir contains, and pass at once to the kernel of it. This re- 
lates to the physiological interpretation of the facetted eye, and 
consi.st^ in the belief that by means of this eye the animal is able 
to estimate directly the distance of objects, just as is possible to 
the vertebrate eye. 

Thus the picture of an object is supposed to diminish in 
brightness as the object is removed, and indeed the brightness 
is supposed to be in inverse proportion to the square of the 
distance. The proposition is expressed for the case of a definite 
hypothesis, which runs as follows : — ■' Upon every retinula there 
falls a cylindrical fascicle or line of light precisely in the dires- 
tion of the optical axis of the element of the eye. The individual 
rays of light composing this fascicle maintain strictly the same 
direction. The portion of the object from which they issue 
and which occupies a single elementary held of vision, is conse- 
quently exactly of the same size for all distances, however dif- 
ferent they may be : in fact it is exactly equal to the transverse 
section of the posterior, pointed, non-pigmented end of the 
crystalline cone, or to that of the retinula.' 

Valuable as such a new point of view may appear for the 
understanding of the facetted eye, I cannot help protesting 
against it. Thus I regard the hypothesis which I have quoted 
above as perfectly unjustified. In the first place, it is not true 
that under the supposed circumstances the intensity of an illu- 
mination striking the rctinula diminishes in the proportion of 
the square of the distance. It rather remains the same at all 
distances. This at once becomes clear if we go hack upon the 
basis of the theory that, light diffuses itself in all directions in 
rectilinear rays. The idea that lies at the foundation of this 
theory is, that the individual, ray retains the same intensity 
in its whole coarse ; the weakening oi ftve, V&imi'iti&'vWkX \ 
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accordance with the square of tin 

solely by tin- divergence of the rays. According t ' . >■ 

hypothesis only a single ray readies each paint of the 

■ ■■I1-... i[nr]itl\ M'! iiins the same intend 
he the distance of the object from which it CO 
number of rays which reach the retinula is also constant, its 
whole ill nm ination by the admittedly parallel raj's is inde- 
pendent of the distance ; just as the variable distances within 
finite limits of an illuminated body from its infinitely distant 
source of light, have no influence upon the bright];- 
illumination. (A body that is illuminated by the sun, which 
may be assumed to be at an infinite distance, i 
equally bright, whether I place it on the table or on the 
floor.) 

Secondly, Notthaft's hypothesis must be pronounced un 
justifiable, even independently of the above-mentioned error. 

In point of fact an optical apparatus which provides that 
only such light as has strictly the same direction at the optical 
axis shall fall upon the retinula (the surface of which turned 
towards the light has a finite extension) is inconceivable. 
Notthaft must have overlooked ibis difficulty and has thus been 
misled to his theory. Moreover, he himself upsets it, apparently 
without being quite clear about the matter, when, after explain- 
ing it, he speaks of the probable purpose of the spherical curva- 
tures of the corneal facets, and on other occasions. Thus he 
himself demonstrates that both converging and diverging rays 
may reach the retinula. But as soon as any ray which does not 
ran absolutely parallel to the axis of the ophthalmii 
can give rise to the sense of light in it, the whole theory tails!" 
the ground. The exposition which the author gives at tlu 
light -separating action of corneal facets is unsatisfactory, for ill 
the example cited by him he overlooks the fact, that U 
ileal facet acts so as to throw one ray ente] 
axis to the right and another to the left wall ol tile i i 
cone, a ray falling obliquely to the axis must necessarily exist 
which will attain the apex of the crystalline cone. 

I believe therefore that the theory of ' 
more firmly established than ever, and that there an 
data for the comprehension of the two divergent typ 
than the above-mentioned notion of the superiority of the 
facetted eye in the seeing of movements. Notthaft lias main- 
tained that the insect, when it moves, for example, when it Hi' 1 , 
notwithstanding the supposed delicacy of it 
ment, must have difficulty in finding its 1 rm- 
I think wo may in this case appeal to the birds, which, during 
tight, and consequently while all objects must appeal 

' iem with greater or \css ray/ii-iVs- , w.-w. 
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most admirable orientation. In all cases individual movement 
is a remarkable aid to the estimation of the distances of objects. 
In the latter connexion it may be mentioned that insects are at 
least so far superior to vertebrate animals in the estimation of 
distances, as with their two eyes they can see simultaneously a 
much larger portion of space. 
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AMERICAN SEAWEEDS/ 

THIS Report is an attempt to present in a compact and more or less popu- 
lar form a description of the different orders and species of seaweeds 
known to occur on the coast of the United States from Eastport (Maine) to 
New Jersey. 

Since the publication of Harvey's classical Nereis BoreoU-Americana, in 
the Smithsonian Contributions to Knowledge between 1852 and 1857, com- 
paratively little has been added to our knowledge of the seaweeds of New 
England, the species recently discovered, with the exception of Nemastoma 
Bairdii, being mostly insignificant in size. 

But during the last twenty years the great advance that has been made 
in the knowledge of the fructification and mode of growth of marine algae, 
due to the researches of Thuret, Bornet, Areschoug and others, has entirely 
altered the bases of classification, and no book giving a good account of the 
modern views of the systematic arrangement and structure of algae has, 
until now, been published in the English language. 

The chapter devoted in the Report to this branch of the subject gives, in 
the short space of ten pages, a resume* f unequalled for clearness and masterly 
treatment, of the present views of the distinctive features of the different 
groups. 

The classification is very similar to that published by Le Jolis in his 
Liste des Algues Marines de Cherbourg, but the Vaucheriae, together with the 
Fucacere, are placed under the Oospore®, and the BryopsideaB are raised to 
the rank of a sub-order, while the various families of the Florida® are all 
described as sub-orders. 

The introductory part contains much information concerning the geogra- 
phical distribution of Algae in North America, which cannot fail to be of 
interest to European algologists. Thus, the marine vegetation above Cape 
Cod is shown to be of a strongly marked arctic character, being a direct 
continuation of the flora of Greenland and Newfoundland ; within a few 
miles of this arctic flora, and immediately to the south of that point, where 
the Gulf Stream diverges to the eastward, the AlgaB are of a southern 



• Marine Alga of Neio England and Adjacent Coasts. By G. W. J. 
F&tJow, M.D. Reprinted from Report of the U. S. Fish ^Commission for 
V9. Washington Government PruitYnfc Ofcsfc,\*8A . 
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er, insomuch that the Long Island flora has much in common with 

" e Adriatic. Between Boston and Eostport. nil the p pado wt ntting 

a of the Scandinavian type, with the exception of Agarum 

nil Culli'hiuiinion Pijlahii: these do not occur in Europe. The fact 

Itroipora eubarl iculafa and P. fortilit, as well as several other plants 

1 in Norway, have not yet been found on thy New England coast, 

js that its Alpe have not been exhaustively examined. Tho absence 

j members of the Dietyotacere, and of several Floridefl; i 

gland, e.ff. Bonntmnis"»ia aqiarayiiiilt! find I'i'x'omium c 

y remarkable. The genus Nitopbyllum, too, is practically unknown any- 

n that portion of the Atlantic coast ; and Geliilittm corneum, a most 

e species found in almost all parts of the world, is only occasionally 

i, and then in the form separated by some algologists as a distinct 

) tinder the name of Q. crinale. Of other Algre, Fucun canaliculalua, 

nthalia lorta, the common European Cyttoteira, and Codinm tOMM- 

■e wanting, and Fucus terrains is very rare. On tho other band, 

e species, such as Cliordaria dii-aricaJn, SjnjritUa Jttammtota, and Euthura 

ore abundant ou tho coasts of Now England than in Europe. 
Tho influence of warmth on the determination of the character of 
i ia well illustrated by the occurrence of the southern species, 
hdonia t.enera, Oraci/an'a multipartita, Chondria Baileynna, &c, in 
9 Cove, ail inlet dammed up at the entrance and only overflowed at 
i tides, and surrounded by an arctic flora on both sides, but in which 
:r is much warmer tlinn that cf Hie surro uridine; ocean. Tin 1 plants 
it therefore have been carried over the clam by the tide, and grown in tho 
a simply because the water was sufficiently warm, in the same mason 
a this country Mediterranean species are seen to be almost confined to 
r, shallow pool', where the water soon becomes of a temperature exeeed- 
it of the deeper pools and of the neighbouring tea. But enough has 
"d to sliow the extreme interest of this portion of the work. 
6 systematic part, which naturally occupies the bulk of the report, is 
d by numerous explanatory notes, which exhibit not only an accurate 
a with tho habits of the species in their own haunts, hut an 
extended knowledge of the literature of each plant. Although the 
synonymy ia very limited, it is sufficiently full to enable the reader to 
recognize the plants under the new names, where these have been altered 
during the last twenty years. In a few case?, but chiefly in those in which. 
the author has not been able to examine living specimens of the pUntf, the 
most recent information is omitted; thus BctMOrptU bmrhuitut, llarv., has 
lately bees referred to the genus PMaospara by Bornet, and GhmtaptttH 
plumosa has been shown by KjeUman to have both unilocular and pluri- 
loculnr sporangia on special li.u.il.l'ts .-.imetimes on the same and sometimes 
on distinct individuals; hence the statement that it has the unilocular 
sporangia on the ordinary branches must be incorrect, and can only refer 
to another plant resembling it in appearance, but which differ* ll*0 in llio 
absence of a distinct cortical layer in the stem. 

The analyses of the genera and families at the commencement of each 
group, as well as the list of works consulted, form a useful addition ; and 
the fifteen plates at the end of the Report, fcUWigV niroa-nVrt, wa&am 
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execution, will serve to give a popular idea of the structure of the repro- 
ductive organs of the different groups. An artificial key to the genera, 
and a good index, complete a work that bids fair to be as popular on this 
side of the Atlantic as on the other, since the majority of 8]>ecies described 
in it are also natives of Britain ; and the new classification and the explan- 
atory notes will be an invaluable aid to English and North European stu- 
dents of algology. — E. M. Holmes. 



A GARDEN WILD/ 



AT first sight we were inclined to think that the peculiar collocation of 
the words in the title of this book was simply a piece of affectation 
akin to that of the ballad-writers animadverted upon by Samuel John- 



son, — 



' Hermit hoar in solemn cell, 
Wearing out life's evening gray/ 

he said was an illustration of the style adopted by one of the fraternity of 
whom Boswell spoke with admiration; and, he added, he wouldn't say 
'gray evening/ but 'evening gray* he would think was fine. This idea, 
however, although it applied in many cases, proved to have no sound founda- 
tion, — the ' wild ' in the above title turned out to be a substantive, whilst 
' garden ' took on it an adjective signification ; nay, the garden was often 
dropped altogether and the author spoke of it repeatedly as 'my wild? 
One lias heard tell of the wilds of America, but what is a wild ? The fact 
is that what Mr. Heath describes is a wild garden of wild plants and the 
mode of its formation, — the artificial reproduction within an enclosed space 
of a small section of the open country, — and he has performed his task so 
well that one regrets that he has disfigured his book by its title. 

Like so many other people who devote themselves to the promulgation 
of particular views, our author can see little or no gcod in practices other 
than those he recommends. Thus all the ordinary doings of the gardener are 
condemned en masse, except so far as they are directed to the production of 
food. The topiarian art, the art of topiary as Mr. Heath calls it, which was 
so highly esteemed among the ancient Romans, and has continued partially 
in vogue down to our own day, is, perhaps, justly placed at a very low stand- 
point, — cocks and peacocks, bears, foxes, and other animals clipped out of 
yew or box, are doubtless exceedingly absurd; but we are not prepared to 
admit that there is not a picturesque side to some of the other efforts of the 
topiarian artist. 

If topiarianism has gone out, other horticultural practices have come into 
fashion which meet with verv little favour at the hands of Mr. Heath. 
Bedding out and the formation of colour-beds and ribbon-borders he evi- 
dently regards with great contempt, and certainly, when adopted, as one often 

• My Garden Wild, and what I grow there. By Francis George Heath. 
Sm.8vo. London: Chatto and WrwVvvs. \S&\. 
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sees them, as the sole method of treatment of gardens of all sorts and sizes, 
they are liable to become absurd ; but in larger and well-arranged grounds 
masses of colour are very effective, and Mr. Heath himself must admit that 
they are by no means unknown in nature. Florists' flowers, double flowers, 
and, in fact, all garden varieties of plants, are treated from a similar point of 
view, — all, in Mr. Heath's opinion, are mere monstrosities ; and we are left to 
infer that therefore they can have no beauty in them, — a proposition from 
which we must beg leave to dissent. In fact, it seems to us that our author 
would have made his argument quite as strong and more acceptable had he 
omitted all reference to the ' false taste ' of the ordinary horticulturist. 

The true purpose of his book is the exposition of the course to be followed 
and the pleasure to be obtained in the formation of a wilderness of our native 
plants. He opens it with the description of a visit paid on a hot summer's 
day to the garden of a friend, laid out on the most approved modern model, 
followed by an account of a dream he had when, overcome by the heat and 
the brilliancy of the place, he dropped off to sleep in the friendly shelter of a 
handsome pagoda. In this dream was revealed to him in the most approved 
fashion, the beautiful result that might be produced by devoting a space of 
ground like that he had been inspecting to the production of a garden of 
plants in their natural wild state, and with their natural conditions of growth 
realized as far as possible. 

Many of us, no doubt, have dreamt of delights of various kinds, but un- 
fortunately all dreams are not prophetic. Mr. Heath, however, was lucky 
enough to arrive at the fulfilment of his vision, by acquiring a house with a 
large piece of ground attached to it which had not been disfigured by any 
of those horticultural abominations against which Mr. Heath's soul revolts. 
The previous occupier had simply planted a row of lime-trees round it, 
leaving the centre an expanse of gravel and turf, with a few shrubs. The 
presence of a small stream of water was a further advantage. Here, in fact 
were all the elements required for carrying out the scheme, and Mr. Heath 
set to work upon it at once with his accustomed enthusiasm. In this little 
book we have the history of his proceedings told in his usual pleasant style. 
We shall not attempt to follow the author through the various details he 
gives for the guidance of such as may choose to devote the ground at their 
command, or a part of it, to the formation of a wild garden, but the enthu- 
siasm with which Mr. Heath expounds his doings will no doubt lead many 
to wish, at any rate, to follow his example. For any one with a taste for 
botanical studies, no more interesting application of a bit of garden-ground 
could be suggested. 



ILLUSIONS.* 

ILLUSIONS are usually defined as sensations produced by a false percep- 
tion of objects. When these false sensations are immediately detected 

• Illusions. By James Stilly. VoL xxxiv. International SdantUo 
Series. London : C, Xegan Paul & Co. 8vo. lf&\. 
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and not acted on as if real, the person subject to them is considered to In 
sane ; when the illusion, however, is believed to have a real and positive 
existence, and this belief is not removed either by reflection or an appeal to 
the other senses, the individual is said to labour under a delusion. The* 
distinctions, so well known to psychologists, are scarcely at all recognized 
as yet by the popular mind ; and it is only through the instrumentality of 
works such as that which we have now under review, that we can hope to 
make them more generally understood. 

As expressed by the author, ' Common sense knowing nothing of fine 
distinctions, is wont to draw a sharp line between the region of illusion and 
that of sane intelligence. To be the victim of an illusion is, in the popular 
judgment, to be excluded from the category of rational men.' Yet it must 
be granted ' that most men are sometimes liable to illusion.' ' A momentary 
fatigue of the nerves, a little mental excitement, a relaxation of the efforts 
of attention by which we continually take our bearings with respect to the 
real world about us, will produce just the same kind of confusion of reality 
and phantasms winch we observe in the insane.' The term is used by the 
author in a wider sense than is usual with psychologists, and made to 
' include under it errors which do not counterfeit actual perceptions.' For 
instance, by this popular extension of the term, a man is supposed to he 
' under nn illusion respecting himself when he has a ridiculously exaggerated 
view of his own importance ;' and in a similar way of being ' in a state of 
illusion with respect to the past, when through frailty of memory he 
pictures it quite otherwise than it is certainly known to have been/ 

The distinction between illusion and hallucination, or the sensations 
which are supposed to be produced by external impressions, although no 
material objects art upon the senses at the time, is not considered by the 
author to be very important ; since in * many cases it must bo lefr an open 
question whether the error is to be classed as an illusion or as a hallucina- 
tion.' Still, and we think wisely, * the distinction is kept in view, and 
illustrated a* far as possible.' Illusions are classified under the following 
heads: — Of IVreeption, Dreams, Illusions of Introspection, Errors of Insight, 
Illusions of Memory, and of Belief. The reader cannot fail to meet with 
much to interest him under each of the above heads. In the last chapter, 
entitled ' Results,' we are told that the study of illusions 'has tended to 
bring home to the mind the wide range of the illusory and unreal in our 
intellectual life :' but it is satisfactorv to find further on that 'no doubt its 
grosser forms manifest themselves most conspicuously in the undisciplined 
mind of the savage and the rustic/ 



A DICTIONARY OF CHEMISTRY.* 

THE first volume of this work was published in l^fio, or about eighteen 
years ago, and the concluding part of the Third Supplement now 



* A Dictionary of Chemistry and the Allied Branches of other Sciences. 
Supplement. Vol. III., Wit *2. "B^ 1\kkx\ Watts* Longmans & Co. 
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before us, brings the record of Chemical Discovery down lo the end of the 
year 1-S70, including the ruore important discoveries which appeared in 
1879 and 1S30. Among the important articles in this final portion of the 
eighth volume are those on Gallium, Gases, Glycerine, Gold, Granite, 
Guano, Gypsum, Heat, Hornblende, Hydrocarbons, Iodine, Iron, Isomerism, 
Lead, Light, Magnetism, Manganese, Mercury and Mercury Compounds, 
Meteorites, Methyl and Methyl Derivatives. Mien, Milk, Molybdenum, Napth- 
lenea, Nicotine, Nitrifications, Nitrates, Oils, Olivine, Organic Compounds, 
Paraffin, Petroleum, Phenol, Phosphorus, Phosphates, Platinum, Pyroxene, 
Besin, Selenium, Serpentine, Silver, Soda, Spectral Analysis, Starch, Sugars, 
Sulphides, Sulphur, Sulphuric Acid and Sulphates, Tellurium, Therm odyna- 
raics, Tin, Titanium, Toluenes, Trachyte, Tungsten, Vanadium, Vapour- 
Density, Volcanic Products, Yttrium Metals and Zeolites. 

Chemical research has been unusually active during the eighteen years 
this Dictionary was in course of preparation, and has resulted in such a 
mass of facts that in order to record them fairly it has been necessary to 
tit. tul the work to over ten thousand five hundred closely printed octavo 
fjgw. 

Tin' time which has elapsed since the appearance of the lirat volume has 
also necessitated the addition of various comprehensive supplements, since, 
in order to bring down the information to date, three or more successive 
articles an the same subject have sometimes been required. In no cose, 
however, has the same matter been reprinted, and consequently by taking 
the various articles in the order of their sequence, the student baa laid before 
him a continuous history of the subject under cousidoration. 

Dr. Watts has performed his task with great care and industry, and has 
produced a work, which, furnishing, as it does, a complete epitome of the 
bicfa it treats, should bo accessible to every advanced student of 
chemistry. This work is not, however, entirely free from slight blemishes, 
among which may sometimes be olraerved evidences of careful compilation 
rather than of the exercisu of an intelligent 'Incrimination with regard 
to the relative values of the different processes described. 

As an example of this want of appreciation, attention may be 
directed to the article Silver, in which we are told that two methods are 
employed for the removal of that metal from solutions obtained by the lixi- 
Tiation of burnt cupreous iron pyrites, namely, Claudet's process, which 
depends on the almost complete insolubility of iodide of silver in solutions 
of metallic and alkaline chlorides, and Gibbs', which consists of blowing 
through the copper liquors a mixture of air and sulphuretted hydrogen, 
when the first precipitate obtained contains a larger proportion of silver than 
that subsequently produced. The coat and the production of the two pro- 
cesses are represented as being the same, and the student will naturally 
infer that they are equally valuable. 

As a matter of fact, however, Claudet's process is, without exception, 
universally employed, while the other, although experimentally tried for a 
short time, was found commercially unsuccessful. Such occasional inaccu- 
racies will doubtless be corrected in a second edition. 
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THE MIOROGRAPHIO DICTIONARY.* 

TT7E are na PPy to 8ee tna t a ^ er an interval of ten years the Micrographic 
H Dictionary has entered upon a new lease of its existence, the first 
three parts of its fourth edition having just made their appearance. The 
book is expected to be completed in twenty-one monthly parts. Of a work 
so well known and so highly appreciated, it is hardly necessary for us to 
say anything ; but for the benefit of such readers as may be unacquainted 
with the former issues, we may venture to indicate, in general terms, 
what is the nature of the book. 

The main purpose of the original authors, Dr. Griffith and the late Prof. 
Ilenfrey was to give, in a series of alphabetically arranged articles, a 
summary of information necessary or useful to microscopists, especially in 
relation to the microscopic forms of animal and vegetable life, and 
those details of minute structure in the larger organisms, for the exami- 
nation of which the employment of the microscope is necessary. These 
articles were very copiously illustrated, partly with plates, containing an 
immense number of figures, mostly coloured, and partly with numerous 
woodcuts. By the insertion of articles indicating a scheme of classification 
for the organisms referred to, with numerous cross-references, provision was 
made to enable the student to work out the objects systematically, thus, as 
far as possible, combining the advantages of dictionary arrangement with those 
of a systematic treatise. Further the authors prefixed to their Dictionary 
a general account of the microscope and its accessories, and of the mode of 
using them ; while in the body of the work they introduced many articles 
relating to special points connected with the structure or use of the micro- 
scope, such as angular aperture, polarization of light, preparation and pre- 
servation of objects, test-objects, Sec. By a judicious system of biblio- 
graphical references appended to each article, the reader was always told 
where ho could find further information upon the subject if he required it; 
and thus between the knowledge directly conveyed by it, and its indications 
of other sources of information, the work was rendered a most useful and 
valuable summary of all matters connected with microscopic studies. 

In the second edition, which was just completed at the time of Frof. 
Ilenfrey 's lamented death, the authors made very great additions and 
improvements upon their work : many additional illustrations were given, 
and while the original design was closely adhered to, it was more thoroughly 
carried out, and the value of the book, which was much enlarged, was 
greatly increased. The third edition, in the preparation of which Dr. Griffith 
was aided by Prof. Duncan, in addition to his present assistants, was a still 
further improvement upon its predecessors; and from the inspection of the 
few numbers of the fourth which have reached us, it would appear that 
the author is strictly following out the same mode of treatment. In its 
present form the Micrographic Dictionary may be regarded as an Encyclo- 



• The Micrographic Dictionary ; a Guide to the Examination and Inves- 
tigation of Structure and Nature of Microscopic Objects. By J. W. Griffith, 
M.D., &c, and Arthur Henfrev, F.R.S., Sec. Fourth edition. Edited bv J. 
W. Griffith, M.D., &c, assisted by the Rev. M. J. Berkeley, M.A., and T. 
Rupert Jones, F.R.S. Parts "L to HI* &ro, London. Van Voorst, 1881. 
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psedia of minute Natural History, which we heartily recommend as an 
invaluable handbook to all students, especially to those who, from isolation 
or other causes, are debarred from access to large libraries. 



GLASGOW GEOLOGY.* 



T TTTS work consists of a series of sketches and other papers illustrative 
of the geology around Glasgow, based upon notes of excursions, which 
appeared in the local journals from time to time. These have now been care- 
fully re vised, and in many parts extended, so as to afford a popular and fairly 
accurate idea of the geological structure and of the principal features of 
interest which the rocks of the district present. 

Within the area described, as shown by the accompanying geological map, 
the chief strata are of Palaeozoic age, with their contemporaneous and intrusive 
igneous rocks, covered, however, in many places by a considerable thickness of 
post-tertiary deposits, formed during the glacial period, the effects of which, 
and the accumulations resulting therefrom, are fully explained in some of the 
chapters. In the other chapters are described the various subdivisions and 
characters of the Old Bed Sandstone and Carboniferous series, the latter of 
which with the associated volcanic lavas and ashes form so important a fea- 
ture of the geology around Glasgow. 

This series of excursion-sketches, with the intercalated historical notices, 
now issued in a collected form, will be an especially useful guide to those 
interested in Geology who may pay a passing visit to the district. 



THE MICEOSCOPE.t 



DR. CARPENTER'S manual of the microscope is so well known, that 
we need hardly do more than call the reader's attention to the pub- 
lication of a new and enlarged edition, the sixth that has appeared. The 
book has now increased to some nine hundred pages, and, judging from an 
inspection of its contents, the veteran author has u*ed evary endeavour to 
render it as complete as possible. T plan of the work continue* exactly 
the same as in former editions, but an immense quantity of new information 
has been put into it, both in the portion relating to the microscopic investi- 
gation of plants and animals, and in that treating of the structure and use of 
the microscope and its accessories, and the preparation of objects for exami- 

• Among the Backs aromnd Gtasgw. hy Dujrald J fell. %o. fllMp— - 
James MacLse, 1881. 

t The Microscope and iU RaxlatvAU. Jiv W. Jj. Carpent* *~ "" 
kc. Sixth edition. Sm. £vo. London, ChurcLift, Y^Y. 

NEW SERIES, VOL. V. — ff O. XX* 
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nation. In the latter department the activity of microecopists has been of 
late so great that the task of selecting useful apparatus and processes from 
the multitude of things recommended with more or leas reason in every 
publication devoted to the interests of microecopists, must have been no light 
task ; and although it is quite possible that Dr. Carpenter may have omitted 
some details that might put in a claim to notice, his book is in this depart- 
ment wonderfully up to date. We notice many things, especially in the 
way of apparatus, which seem to have been only just brought before the 
microscopic world. 

In this edition some little notice is given to the important applications of 
the microscope in geological, and especially in petrologies! investigations; 
want of space, probably quite as much as the necessity for special minera- 
logical knowledge on the part of the reader, inducing Dr. Carpenter to cut 
what he has to say upon this department of his subject very abort indeed. 
Considering the extent to which petrology is pushing into the front of geo- 
logical research in the present day, one would be glad to see its principles 
treated at somewhat greater length in such a book as this of Dr. Carpenter's; 
at the same time, his brief statement, accompanied as it is by references to 
works in which the student may find further information, is always a step 
in the right direction. 



FLOATING GERMS.* 



IN view, probably, of the meeting of the International Medical Congress, 
which has recently been held in London, Prof. Tyndall has collected, in 
a yinall octavo volume, some half-dozen of his memoirs on the floating par- 
ticles so abundant in the air, and which he has made out to play so important 
a part in many ways. We have here the full description of those numerous 
and elaborate experiments which the author made for the purpose of demon- 
strating the organic nature of some of the constituents of the atmospheric 
dust, and their influence in producing putrefaction associated with the 
growth of Bacteria in organic infusions, experiments which have always 
seemed to us to prove most satisfactorily the thesis which the author had 
set before him. Indeed, tho experiments of Pasteur, which now date back 
a good many years, would, one might think, have been regarded as con- 
clusive. 

Nevertheless, the doctrine of spontaneous generation still retains a certain 
amount of vitality, and Dr. Bastian especially maintains it with great 
vigour. This doctrine, and the arguments of its supporters, are discussed at 
considerable length by Prof. Tyndall in more than one of these papers, and 
it seems to us that he has fully demonstrated its untenability. The coup 
de (jrdce seems to be given to all arguments in its favour, founded upon 
assumed imperfections in the result of previous experiments of its opponents, 

* Essays on the Floating matter of the Air in Relation to Putrefaciion 
*nd Infection. By John T^n&an ,¥.!&&* %\o. IatAs&a l^u^mans, 1881. 
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by the system of ' discontinuous boiling ' adopted by the author in the case 
of certain exceedingly ' obdurate germs/ such as the spores of the hay bacillus, 
which, 'when thoroughly desiccated by age, have withstood the ordeal' of 
boiling for eight hours. Prof. Tyndall assumed that these desiccated germs 
resist the effects of heat by reason of their desiccated condition, and that 
before developing a crop of Bacteria in any infusion, they must necessarily 
pass into a soft and plastic state. Accordingly having set aside an infusion, 
undoubtedly infected by some of the most resistant germs, for ten or twelve 
hours, he then raised its temperature to the boiling point, and set it aside 
once more. By a repetition of this process the germs as they successively 
advanced towards the stage of active development, were caught and destroyed 
by the boiling temperature ' in the order of their resistance ' — in fact, the 
Professor effected a sort of fractional destruction of them, and by repeating 
the process a sufficient number of times his infusions were all completely 
disinfected. ' Not one of them/ he says, ' bore the ordeal ; ' and the sum of 
the exposures to a boiling temperature did not exceed a few minutes. 

We shall not follow Prof. Tyndall into the discussion of what is the most 
important outcome of these researches into the nature of the atmospheric 
dust, namely, the germ-theory of disease, to which he naturally devotes a 
good deal of space in this volume ; by many medical men the matter is 
regarded as settled, and the rest of the profession will probably soon adopt 
the new faith. Upon all the leading points connected with it the reader 
will find in this volume an excellent summary of information, besides the 
details of experimental investigations, to which we have already alluded; 
and although some of the papers are communicated to the Royal Society, 
the unlearned reader need not on that account dread being unable to under- 
stand them. 



BRITISH MARINE MAMMALS/ 



MR SOUTHWELL has published a popular account of the Marine 
Mammalia which have been found in the British Seas, and, although 
it contains nothing particularly novel, it will serve to furnish general readers 
with accurate information, pleasantly communicated, upon a subject of which 
general readers are commonly profoundly ignorant. Mr. Southwell care- 
fully avoids any display of scientific phraseology, but he describes the 
general characters of the animals referred to with sufficient exactitude to 
give his readers a good notion of their appearance, especially in conjunction 
with the woodcut figures which accompany the notices, and which are 
generally very fairly executed. The information as to the habits and distri- 
bution of the species seems to have been carefully got together and from 
recent sources, and altogether we can recommend Mr. Southwell's book as a 
very satisfactory contribution to the Popular Natural History of these 
Islands. 

• The Seals and Whales of the British Seas. By Thomas Southwell, F.Z.S. 
Sm. 4to. London: Jarrold & Sons, 1881. 
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A ZOOLOGICAL ATLAS.* 

SOME twelve months ago we noticed the appearance of a ' Biological 
Atlas,' by Messrs. A. M. & D. McAlpine, in which the author*, by 
means of a series of coloured plates endeavoured to furnish illustrations nf a 
Course of lessons in Biology, following tie general treatment 
Prof. Huxley, upon whose lectures, indeed, the plan 'if the work wm 
founded. One of the authors has now commenced the publication of a more 
extended work of the same kind, the first portion of which, treating of ilia 
Yirti'lirata, contains twenty-four large plates with numerous fii;!;; 
the external form and internal structure of a selected series r,i 
types. We presume the invertebrate groups are to follow. 

The author here describes and figures the component structures of sh 
vertehrate animals, and in his election of the types he has to a certain 
extent been guided by the consideration that the animals should be m--.W 
prncurahlo. Thus of the Fishes we have the Skate and Codfish as examples 
of Selachian and bony fishes respectively ; the Salamander is taken as the 
type of the Batrachia because, although not a British species, it can easily 
be purchased ; the common Land Tortoise serves aa an example of Reptiles, 
& selection which is hardly a good one; and for Birds and Mammals »v 
have the Pigeon and tho Babbit. 

Directions are given for dissecting these various forms of Vertebrates, 
and the structures brought to light are very clearly shown in the numerous 
figures The plates seem to us to he better than those in the former Atlas. 



NOBTH AMERICAS RHIZOPODS.t 

NOT long since we had the pleasure of noticing the appearance of an 
admirable work on the Fresh-water Rhizopoda of North America, by 
Prof. Leidy, published as a volume of the quarto Reports of the United Slat™ 
Geological Survey of the Territories. Notwithstanding some defects, this 
treatise was undoubtedly a. most valuable contribution to the zoology of the 
Protozoa, and one can only regret that there is in this country no machinery 
by the agency of which such hooks might be enabled to see the light. 

TIiiti: i.-i :i pp>\ erb which -.i ■, .- that a propbel shall be irithout honour En 
his own country. The United States may probably constitute an ■ 
if not, Prof. Leidy may pass as the exception that proves the rule. At an; 
rate his book has received the honour of being summarized in a very neat 
little octavo volume by Mr. Romyn Hitchcock, who gives, as H 



* Zoological Allot (indwhiiy (\wijviMiitv Aiuitm/. 
Direction! and Explanatory Ttxt. Bv D. McAlpine, ¥,&&, 
Oblong ato. W. i A. K. Johnstone, Edinburgh and London, ■ 

t Sffnopm of the Freih-water Rhia>jn<lis. A condensed accc 
genera and jpecies, founded upon Prof. Joei itv RhtifmU 

f North Anitrica. Comptod. by Rom^n Hitchcock. 8yc< 
Hitchcock, 1881. 
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skeleton of the larger treatise in a Terr convenient form for the use of 
students. In this little work, Mr. Hitchcock has abstracted from Prof. 
Leidy's work the characters of the various groups, genera, and species, 
bringing them into the form of short definitions, but adhering, as far aa 
possible, to the language of the original. The genera and species are 
tabulated. The work seems to hare been most carefully executed ; 
and the little book, which consists of only sixty-four pages, including 
the introduction and index, will form a most excellent and portable hand- 
book, serving in fact in place of those notes which a student of Rhixopods 
would like to make for himself of such a bulky volume as Prof. Leidy's. 
The only thing that could add to its usefulness could be a couple of plates 
of outline figures illustrating the forms of animals described ; such figures 
are always a great assistance, especially to beginners. 
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ASTRONOMY. 

Recent determination of the Solar Parallax. — Lately there has been 
published in the Memoirs of the Royal Astronomical Society, an account of 
the final results of the expedition to the Island of Ascension, in 1877, 
organized by Mr. David Gill, now Her Majesty's Astronomer at the Gape of 
Good Hope, for the determination of the distance of the Sun by means of 
heliometer measurements of the distance of the planet Mars from a number 
of small stars in its neighbourhood. The investigation now published is very 
elaborate, care having been taken to discuss all the probable sources of error, 
so as to show that they cannot have had any effect on the result. 

The final results may be summed up as follows : — 

Value of the constant of the solar parallax when only symmetrically 
placed observations are employed, and certain doubtful observations re- 
jected, — 

•k = 8"-778 ± 0"012. 

Value of the constant of the solar parallax when all the observations are 
employed, — 

7T = 8"-783 ± 0"-02C. 

The mean may be taken as, — 

w = 8"-78 ± 0"-012. 

This value corresponds to a distance of the Sun of — 

93,080,000 miles. 

This value is much smaller than any other important determination that 
has yet been made, but is confirmed to a certain extent by recent determina- 
tions of the velocity of light, taken in conjunction with the best values for 
the constant of aberration. 

Recently M. V. Puiseux (Comptes Rendus, March 7th, 1881) has pub- 
lished an account of the results of the observations made by the French 
observers at the Transit of Venus, on December 8th, 1874. The time of the 
passage of the planet over the Sun was observed by eight astronomers at five 
different stations, namely, Pekin, St. Paul's, Nagasaki, Saigon, and KoW, 
and when these are compared, they lead to a value for the constant of the 
Bohr parallax of — 
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It will be remembered that the results of the English observations, which 

were founded on the time at which the planet touched the limb of the Sun, 

and not on the duration of the transit, gave results of little value, for by 

putting perfectly reasonable but somewhat different interpretations on the 

descriptions given by different observers, there could be obtained any value 

of the solar parallax between — 

w = 8"-90. 
and — 

*■ = 8"-75. 

Mr. Stone has criticised the results given by M. Puiseux {Monthly 
Notices, April 1881), and he is of the opinion that two of these durations, 
namely, those of MM. Janssen and Tisserand, must be rejected as incom- 
patible with the interpretation placed on them. The remaining six then 
give a value of the constant of the solar parallax of — 

* - 8"-88. 

The English photographs of the Transit of Venus failed totally, as had 
been predicted by more than one astronomer before the Expedition went out 
in 1874. The Americans relied on another method of applying photography 
to this purpose, and they seem to have obtained results of far greater accu- 
racy. Lately, Mr. D. P. Todd, of Washington, has published an account of 
the results which have been so far obtained. At the three northern stations, 
Wladiwastock, Nagasaki, and Pekin, eighty-four photographs were obtained; 
and at the five southern stations, Eerguelen Island, Hobart Town, Campbell- 
town, Queenstown, and Chatham Island, 131 photographs were obtained. 
From a discussion of the distances of Venus from the centre of the Sun, the 
value of the solar parallax was found to be — 

* = 8"-888 ± 0"-042. 

From a discussion of the position angle at which Venus was situated, 
there was obtained the value, — 

* - 8"-873 ± 0"-060. 
From both classes of observations the result is — 

* = 8"-883 ± 0"034, 
corresponding to a distance of the Sun from the Earth of — 

92,028,000 miles. 

It will be seen, therefore, that the results obtained by these two methods, 
the Transit of Venus and Opposition of Mars, give results differing by more 
than a million of miles, and much remains to be done before the value of the 
solar parallax, or distance of the Sun, can be regarded as known with any 
degree of certainty. 

In the meantime, other and improved methods of determining this im- 
portant factor continue to be carried on. Prof. Newcomb is engaged on 
& new determination of the velocity of light ; Mr. Gill is understood to be 
Bngaged on preparations for a new determination of the parallax from 
abservations of the minor planets; at Pulkowa there is being made a fresh 
ietermination of the time taken by light to traverse the terrestrial orbit, from 
the data afforded by the observations of the eclrpaea oi Jupiter's «AtaHite&% 



3G0 



POPULAR SCIENCE REVIEW. 






M r, Neiaon 13 engaged in determining the solar parallax from n new class rf 

inequalities, in the motion oi the Moon; Means. Noson and < '. 

means of ii new determination of the pan by ■ method 

which is independent of the diameter of the Uoon) utd Prof, Winnncke, by 

a method founded on observations of tha distance of the planet I 

miiall stars, when near its greatest elongation. 

Jupiter. — The pki ■ coming into a convenient (maiden 

for observation, und i' i- probable that. during the comini- cipj. .-i 
important contributions to our knowledge of its physical condition wCJ be 
obtained. The great red spot still remains visible and apparently unchanged, 
and it crosses the centre of the dink of the planet within a few minutes of tho 
time predicted by Mr. Martb, so that its period of rotation remains un- 
changed, and U not slowly altering, as was surmised by sever.: 
early last year. While equatorial spots are again visible, having a swiftrr 
rotation than the red spot. The dark spots do not seem to be nearly so in- 
tense as during the early part of the year. 

The Comets, — This year has been a peculiarly fortunate year as far as 
comets have been concerned, no less than foul having been already observed, 
and two of these comets of considerable brightness. 

Cumet b, 1381. — This bright comet was discovered in the Southern Hemi- 
sphere, and was at first believed to be a return of the great comet of lt*07, a 
view quickly found to be incorrect. In June it made its appearance abova 
the northern horizon, and for some time remained a conspicuous object, 
having a bright nucleus and a tail of considerable length. Numenui 
sketches were made of its nppearance and the usual evidences of apparent 
changes were seen, though, from the immense extent of these changes, it is it. 
times difficult to believe that thoy can be other than optical. From li« 
observations with the polariseope, Prof. A. Wright,of Washington, is of Ike 
opinion that the greater amount of the light reaching us from the tail of th* 
comet is merely reflected solar light. Prof. Young, of Princetowo, considers, 
from spectroscopic observation, that we thus have almost overpowering 
evidence that the gaseous substance of this comet is a hydrocarbon, and in » 
molecular state corresponding to that at the base of a gas-Same. It is not 
necessarily at a very high temperature, since the experiments of Wiedennin, 
Haaeelberg, and others, tend to show that under certain circumstances gasat 
may liecome luminous, and give their characteristic band-spectrum it 
temperatures even below that of boiling water. Indeed, the dynamical 
theory of gases would show that all gases at any temperature must be, to a 
certain extent, luminous, and give a spectrum if seen in suffid 
strata, whatever may be their temperature, an increase of b 
merely increasing tho amount of light coming from any mass of gas. 

Prof. Henry Draper, of New York, obtained a number of photographs of 
the comet,— one with an exposure of '2 b 42", showing a very dense nucleus 
and a tail about 10° long : on thiB photograph a number of very small stars 
are to be seen, some shining through the central portion of the tn.il of fht 
comet, Mr. A. A. Common, of Ealing, also succeeded in obtaining photo- 
graphs of this comet with his great .'iT-ineh reflector, but with. 
having been unable to employ so long an exposure. 

l>r, Boggine hal olil;iuiei\\AivA™,:Tfc^Viac&\ii»«s5«*»j&^ 
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he is of opinion that these photographs show the hands in the spectrum, 
-which are regarded by Profs. Dewar and layering as proving the presence of 
nitrogen as well as of carbon. In this case, all these elements, hydrogen, 
nitrogen, and carbon, may be present in different combinations, such as 
cyanogen, or prussic add, in the tail of the comet. If this view be really 
true, it might lend a terrible significance to comets, and the passage of the 
Earth through the tail of a comet might have the most frighf ul consequences 
to us terrestrial inhabitants. 

The nucleus of the comet passed quite close to two stars of tolerable 
brightness, one on June 29th, when the nucleus passed within 18" of the 
star Raddiffe 1661, and on July 13th, within 32" of the sixth-magnitude star, 
66 Tauri. The intensity of the light of this last star was considerably 
greater than that of the nucleus of the comet, though, from its superior size, 
the comet was much brighter to the unassisted eye. This comet continued 
to be visible until September. 

Comet c, 1881. — This comet was discovered by Mr. Schaberle, and 
gradually became bright, until it was nearly as bright as the preceding comet ; 
indeed, the light of the nucleus seems to have been brighter, but the tail was 
not so distinct. On August 10th it approached very close to the third- 
magnitude star Ursa Majoris, and to the naked eye the nucleus of the 
comet seemed as bright as the star, whilst the tail had a length of nearly 10°. 
The comet has now swept into a favourable position for observation in the 
Southern Hemisphere. It appears to be moving in a very similar orbit to that 
of a preceding comet. 

Encke's Comet. Comet d, 1881. — This periodical comet has again been 
observed on its return, it having been discovered on August 25th, by Dr. 
Hartwig at Strasburg, and Herr Block at Pulkowa ; and on August 27th, 
by Mr. Common at Ealing. It is a faint, nebulous object, about 2 / in dia- 
meter, and quite close to its predicted place. Towards the end of October 
it will probably be just visible to the naked eye. 

Cape Catalogue of Stars. — Mr. Stone, late Her Majesty's Astronomer at 
the Gape of Good Hope, has just completed his great Catalogue of Southern 
Stars, the result of his ten years' labour at the Cape of Good Hope. It forma 
a goodly volume and a valuable contribution to this branch of Antronomy. 
It is understood that it is to be supplemented by a determination of the 
proper motion of the principal Southern stars. 

Resignation of Sir G. Any, K.C.B.— The most important event in the 
astronomical world has been the resignation of the Astronomer Koyal, Hir 
George Bidden Airy, K.C.B., F.RS., his resignation taking effuct on A ugust 
1st, or nearly on the completion of his forty-sixth year of labour, be having 
been appointed on October 2nd, 1836. Sir O. Airy will thus hav« )uM 
office for a longer period than any of his predeceft*or>i, though only for a ftm 
months longer than both Maskeryne and FUmsteed. Hir G, A iry, who earn* 
to Greenwich with a distinguished reputation, owing to hi* numerous brilliant 
investigations whilst holding the appointment of Director of the Observatory 
at Cambridge, has not disappointed th* expectation* which wan aroused on 
his appointment, and daring the entire period ft has baa* md*r «- *mtrol 
the Royal Observatory has deservedly ranked at tba hmf 
Meridional Ofctervatariea, It U almost impctatVAa to Ota* 
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of the long series of observations which have been made under his direction, 
and carefully reduced with the greatest care, and on a uniform principle, 
under his immediate superintendence. The Greenwich Observations afford an 
immense mass of thoroughly reduced observations of the Sun, Moon, planets, 
and stars, such as do not exist anywhere else, and on which will be founded 
in the future, as they have been in the past, the greatest improvements in 
Astronomy. 

Apart from the routine work attaching to his duties, first as Director of 
the Cambridge Observatory and afterwards as Astronomer Royal, and there- 
fore head of the Royal Observatory, Greenwich, the principal astronomical 
labours which have been successfully undertaken by Sir. George Airy are as 
follows: — The determination of the long inequality in the motion of the 
Earth, due to the attraction of the planet Venus, and depending for its impor- 
tance on the fact that every thirteen years Venus and the Earth come back 
to almost the same position with regard to each other. The reduction of the 
Greenwich Planetary Observations from 1750 to 1881, thus placing an im- 
mense mass of observations of the planets, all carefully reduced on a uniform 
system, at the disposal of the theorist who wishes to improve the tables of 
the planets by perfecting the theory of their motion. Since 1751, all the 
observations of the planets made at Greenwich have been carefully reduced 
on the same system, so that at present a long mass of observations are avail- 
able, ranging from 1751 to 1881. Before this was done every mathematical 
astronomer had to reduce the observations for himself, adding most enormous 
amounts of arithmetical drudgery to his other labours. The reduction of 
the Greewich Lunar Observations, from 1751 to 1831, and subsequently the 
extension of this labour up to 1851. This was a still more laborious and im- 
portant labour than the last. It is true that up to the present time it has not 
been employed in the manner that might have been anticipated, as Hansen's 
Tables were not founded on this great work, being partially constructed be- 
fore it appeared, and no new lunar tables of any importance have since been 
constructed. 

Besides these great works, numerous contributions to the advancement of 
Astronomy are due to Sir G. Airy, such as the publication of Groombridge's 
Catalogue of Circumpolar Stars ; several expeditions to observe Total 
Eclipses; the Transit of Venus Expedition of 1874; &c. &c 

Mr. W. H. M. Christie, late the principal Assistant at Greenwich, has 
been appointed the new Astronomer Royal, with Mr. E. Dunkin as his 
principal Assistant. 



BOTANY. 

IU})roducti(m of the Unicellular Alga. — G. Klebs has communicated to 
the Botanisc/ie Zeitung (1881, Nos. 18-21) an article on the development of 
numerous unicellular Algae, generally grouped as Protococcaceae. In the 
forms here described, the development is essentially similar; all of them 
are strictly unicellular ; no vegetative division occurs ; each cell lives for 
'taelf, and at its period o£ matunty ioxma * Tsxm&et ^i ^^hter-cells, 



SflKN'NFIC 



generally zoospores, each of which of itself (or when a copulation takes 
place the product of this process) grows into an individual like the parent 
cell. In external form and interna! structure, these Algte are very similar; 
the principal differences between them are manifested in the particular 
features of the development, nnd especially in sexual fertilization. One of 
tham, Scotinutphicra parodoxa, is decidedly asexual, if a two years' culti- 
vation may be decisive upon this point ; this Alga possesses a special 
peculiarity, the structure of tho constantly asexual zoospores. The cell, at 
its maturity, shows a differentiation of the green protoplasm into numerous 
cylindrical rods ; these gradually fuse together, during which process a red 
plasmatic granular matter is separated. The final result is the formation of 
& single dark-green sphere in the midst of the red granular 
sphere immediately begins to divide again, and by repeated divisions, di 
which the red matter is again taken up, the asexual zoospores are 

The simplest process of sexual fertilization is exhibited by 
Algie, Chtorwhytrium Lama and Endoipham biennis. In these the zoo- 
spores, which are produced simply by repeated binary division, always 
conjugate in pairs, which originate from the same mother-cell ; only the 
product thus formed ts capable of propagating the species. In C H awalf 
trt'in:, iii the course of the summer many of these sexual generations are 
successively produced, and the generation first exposed to the influence of 
winter falls into a resting slate ; in Rtdoipimr a , on the contrary, each 
BHKmttQD requires a whole year for its development. This simplest 
possible form of reproduction by self -fecundation was previously known 
onlv in Actinotpharium Ek-hkarnii. 

A perceptible differentiation of the two conjugating sexual cells makes 
its appearance in Phy/lubiutn dimorphum, which lives during tho summer 
in the leaves of Lyiimaehia numnutlaria, in the form of green branching 
tabes. Some of the cells form large, nnd the others small zoospores, and 
only the product of the conjugation of s, large one with a small one is 
susceptible of development. Some other peculiarities occur, which show 
upon how low n grade of development the several phenomena are in these 
green unicellular Alga; ; nay, even their constancy in the same species, or at 
any rate in very nearly allied forms, is but slight. In the genus CMorochy- 
trium, besides the distinctly sexual species, C. Lemntr, there are other 
species in which the course of development h otherwise exactly ibe same, 
but the zoospores never conjugate ; each of them is capable of continuing 
the species. In Pkglhbiitm, alsOj BpeeiM ure known (one of them is 
described as P. inoertum) which are reproduced only by asexual zoospores, 
and it is interesting to find that the decidedly sexual P. dimorphum may 
also, under certain circumstances, lose its sexuality, and become an asexually 
reproductive form. 

The Algol described have one biological pMOluRtiJ in common, — they do 
not live in the water but in other plants, some in dead, some in dying, and 
some only in living parts. The author does not think that these i 
Algic can bo regarded as parasites, hut that the plants merely w 
within the organisms they infest. 
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Ozone at a Caau of tU Lamint*iiy uf Pfoxqitorus.— V*li0U ■ 
especially Joubert, have called attention tg tlir connexion of tho phenomena 
of phosphorescence with ozone. To lean ktaia of thii 

connexion, Chappuis has studied the effect 
phosphorus in the presence of oxygen. J'ourcioy long 
in pure oxygen, at a Temperature of lfi" C, and under atmospheric preeeutt, 
phosphorus is not luminons in the dark. Chappuis new lir-.J ■ 
these conditions a bubble of ozone introduced into the bell-jar product* 
phosphorescence, though only momentarily, the oxone being 
Moreover, it it not the vaporization of the phofpherui which determine! 
the phosphorescence, but the combustion of. this vapour, the entire ipate 
occupied by the oxygen at first appearing luminous, tbp solid becoming 
so only after all the vapour has been burned by the ozone. 
ders, one containing air, the other pure oxygen, were inverted >jver two 
dishes containing potassium iodide and starch solution; a fragment of 
phosphorus was plunged into each gas in contact with the liquid. In lie 
first the phosphorus became luminous, and the solution became bfc 
second neither phenomenon appeared. Whenever the phosphorescence 
appeared ozone was present ; and whenever ozone was absent there was no 
luminosity. Moreover, the author calls attention to the fact that certain 
bodies which have the power of promoting this luminosity of phosphorus 
are precisely those bodies which destroy ozone or are destroyed by it. I iil 
of turpentine, for example, which is the most active, destroys 
pletely. In a balloon coutaining air, phosphorus, and tur pentine, a bubble (J 
ozone produces light for a second only, the ozone being destroyed by tie 
turpentine, but burning a part of the phosphorus-vapour also. On adding 
the ozono tbr- luminosity extends throughout the space, and at last the solid 
phosphorus only remains luminous. Hence M. Cbappuis regards the pro- 
duction of the luminosity of phosphorus in oxygen no 
cate of the reactions for ozone, and proposes to employ it in subsequent 
researches.— {Bull. Soc. Chim.: Amer. Jnum. Sao., Aiu/iuC, 1881.) 

A euppoied Kew Mttat.—tii. T. L. l'hipsoit, from some exp 
his, infers the existence in commercial zinc of a new metallii 
which ho proposes to give the name of Actinium, on account of certain 
actinic phenomena of which he assumes it to bo the cause. He »yr that 
the whito sulphide of zinc prepared by precipitating the solution of the 
commercial metal witii sulphide of barium, and washing, drying, and 
calcining the precipitate, sometimes possesses the curious property ol 
changing colour under the influence of the direct rays of the sun, becoming 
first brown, and finally slaty-black, in from twenty lo thirty n 
resuming its white colour when placed in darkness. Contact with air U 
necessary for the production of the changes of colour, and the : 
of a. piece of glass prevents the blackening from taking place. The snppoMd 
new metal is characterized by Mr, Phipeon as having a white 
rendered black by the reducing action of the solar rn. -. 
again in the dark by oxidation. (Complex Rendu*, August 22dd, l>-i ) 
New treatment of Sulphur. — HDl. 6« \u.To\« &xl%tcv& fnf.^'A (Omiftrt 
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Hendus, September 12, 1681) an improvement in the method of separating 
sulphur from its gangue. The old method was eo wasteful, that attempts 
-were made by means of hot air and superheated steam to get rid of its 
defects, but these processes were not sufficiently successful to get into 
general use. The authors have tried the principle of raising the temperature 
of ebullition of water by the presence of a dissolved salt; and for this 
purpose they employ chloride of calcium, which has the advantage of great 
cheapness, and is completely inert in the presence of the sulphur and its 
gangue at 120 s C. The bath contains sixty-six per cent of the chloride, and 
serves for an indefinite period ; the apparatus consists of two rectangular 
troughs, the dimensions of which vary according to the importance of the 
mine. One furnace serves for both, and they are used alternately, the 
boiling liquid being allowed, on the completion of the operation (which 
takes about two hours), to run from the trough used into the other one, 
which has been previously charged with mineral. The work thus goes on 
without interruption. The advantages of this process are said by the 
authors to be, — very cheap extraction of the sulphur from its gangue (five 
francs per ton), great purity of the sulphur produced, applicability through- 
out the year,* as there is no production of sulphurous acid, and almost 
complete extraction, the residue of sulphur in the gangue being not more 
than 2-3 per cent. 



GEOLOGY AND PALAEONTOLOGY. 

Mesozoic Rock* in Japan. — Dr. D. Brauns and Dr. E. Naumann have 
laid before the German East- Asiatic Society, which has its residence in 
Yokohama, a statement of the evidence that they have respectively obtained 
as to the occurrence of Jurassic and Cretaceous deposits in Japan. Dr. 
Brauns cites two Ammonites which he regards as Jurassic ; one of them, 
identified by the author with Stephanoceras coronatum, was obtained from 
the province of Uragawa Gori, on the island of Jezo. Dr. Neumayr 
remarks that as the specimens show strong constrictions, and a different 
arrangement of the sutural lobes, the above identification cannot be 
correct; and from these and other characters he is inclined to think that 
it is an Olcostephanus of the group of O. Astitrianus or bidichotomus. 
Nearly allied species of this type occur in South Africa (O. fiaini, Sharpe), 
Thibet (O. Scheutei, Opp.), and Siberia (O. polyptychic), and a new species 
from the Hilsthon of North Germany (O. Keiserlingx) is the nearest 
European form. The second supposed Jurassic Ammonite is identified 
by Dr. Brauns with Peltocera* athleta, but this determination seems to be 
doubtful. Its origin is unknown ; it was found in a worked stone in Tokio, 
brought from the town of Sendtni. As the Japanese origin of the first- 
named specimen is also uncertain, this evidence of the occurrence of marine 
Jurassic deposits in Japan cannot be regarded as very satisfactory. 



* The Italian law only permits the fusion of sulphur by the ' Calcaroni* 
during about half the year, from the end o! June to ti& l^\v¥*\$T\uttv 
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With regard to the presence of Cretaceous rocks in Jexo, the case is 

different. The statements of Dr. Nanmann relate to a aeries of Cephalopoda 

collected in that island by B. S. Lyman, i retorting sixteen species, seven of 

which can be identified with certainty with previously described forms. 

The eridence thus furnished, and the general character of the species, 

indicates a close agreement with the f anna of the Upper Cretaceous of 

Southern India, as described by Forbes and Stoncrha, which includes all 

the above-mentioned seven de sc rib ed forms. The species from Jexo are as 

follows: — 

Lgtoceras Sacya, Forbes. 

PkyUoceras, n. sp. (allied to Indra, Forb.). 

(? subalpimu, Orb.). 

VdUda, Mich. 
AmaUheu* Sugati, StoL 
Haploceras, n. sp. 

pLamdatum, Forbes. 

Garden*, Baily. 
StoUczkaxa, sp. 
Amsoceras tenuisuLcatum, Forbes. 

sp. 

n. sp. 
Ptychocerat gaultinum, Fict. 

n. sp. 

n. sp. 

According to Baily and Griesbach, this horizon is similarly developed in 
South Africa ; and it would appear that the Cretaceous formation of 
Sachalin, described by F. Schmidt, is connected with that of Jezo, so that, 
in all probability, we have to do here with a continuous marine province of 
the Cretaceous period, surrounding the whole southern and eastern border 
of the African and Oriental continent. 

Of the above species, three, namely, L. Sacya, Ph. Velleda, and Pt. 
gaultinum, are cited by F. Schmidt from Sachalin, and the fourth recorded 
Ammonite from that island (JIaploceras peramplum, Mant.), is considered 
by Dr. Naumann to agree with his supposed new species of that genus. 
(Neues Jahrbuch, 1881, Band ii.) 

The Oldest Flowering Plants. — Count de Saporta and M. A. F. Marion 
recently brought before the French Academy of Sciences a joint memoir on 
the genera Williamsonia and Goniolina, the most ancient forms of flowering 
plants of the fructification of which anything definite is known. In William- 
sonia the trunk bears at its extremity the organs of reproduction, which 
show two distinct forms, apparently indicating that the plant was dioecious, 
but in both there is a multifoliate envelope, which acquires a globular form 
by the curvature of the bracts composing it. 

The parts of the envelope of the male flower seem all to stand at the 
same level : they are elongated, narrowed, and bent towards each other at 
the apex. Within the envelope rises a conical axis, the base of which is sur- 
rounded by a circular zone, with radiating strise. The outer margin of this 
zone, when exposed, is found to be covered with a number of very small 
irregularly hexagonal areas, whicfa. seem, to TSY^wfck %a many pollen-cells. 
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This basal zone would seem to represent a sterile and persistent part of the 
androphore, in which at one time the whole conical body was covered with 
a felted layer, composed of the filaments and their appendages, reminding 
one by its position and arrangement of the male flowers of the Reed-mace 

The female inflorescence of WiHiamsonia is furnished with a globular 
envelope like that of the male flowers, but its bracts are a little shorter. The 
organ contained in this envelope, and which is certainly deciduous when 
mature, consisted of a convoluted (?) receptacle of more or less globular 
form. The central leaves of the envelope, which have remained in place, 
testify by their thickness and leathery texture to the primitive nature of 
this formation. In their midst stands the globular conceptacle, the upper 
parts of which are covered with carpellary areas ; and in the lower part of 
the receptacle we see the fibrous, woody tissue of which the axis was 
composed. 

The remains of the genus Goniolina, D'Orbigny, appear as ovate bodies, in 
the form of cones rounded at the upper end, and borne upon a cylindrical 
stalk. The surface is covered with very regular hexagonal areas, arranged 
in spiral lines. The areas are smaller towards the point of insertion of the 
stalk. These fossils were formerly regarded as Echinoderms, and described 
as Crinoids under the name of Ooniolina geometrica. {Compter Hendus, May 
23 and 30, 1881 ; Kosmos, 1881, Vol. IX.) 

TrUcbites. —Some ten years since Mr. Billing and Dr. Henry Woodward 
announced the discovery of jointed limbs in a species of Asaphus, and Mr. 
C. D. Walcott has since devoted much careful labour to the investigation of 
the structure of another Trilobite, Calymene senaria, of which he was able 
to obtain a great quantity, in a wonderful state of preservation, from a part 
of the Trenton Limestone. By cutting thin sections of these Mr. Wallcott 
has been able to demonstrate the existence in them of regular walking feet, 
and also to ascertain the number and character of all the limbs, so as to 
reconstruct the lower surface of the animal It appears that the Trilobites, 
from the absence of antennas, and the nature of the anterior pairs of limbs, 
belong to the class Poecilopoda, now represented only by the King-crabs, but 
that they form a distinct group in the class. They differ from the extinct 
Eurypterida, as also from the Xiphosura (King-crabs), living and fossil, by 
the possession of four pairs of walking feet surrounding the mouth, and also 
by the presence on each thoracic and abdominal segment of a pair of walking 
feet, furnished with branchial appendages. 



MINERALOGY. 

Characters of some important Minerals. — The results obtained by the 
more exact methods of investigation employed in Mineralogy of late years 
have led to the change of a considerable number of minerals to systems of a 
lower grade of symmetry than those to which they had previously been 
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assigned* The classical memoir of Mallard (Ann, des Mines, Vol. X. 1876) 
had a strong influence in this direction. In it he sustained this change for 
some of the best-known species, and some of those which had been accepted 
as types of the systems to which they were referred, — such as garnet, vesu- 
vianite, fluorite, apophyllite, zirkon, apatite, beryl, tourmaline, &c In 
explanation of cases like those of just named, Mallard suggested the hypo- 
thesis that such crystals were to be considered as twins or compound-crystals, 
so made up as to have a pseudo-symmetry corresponding to a higher grade 
than that belonging to the individuals themselves. 

The question as to the sharpness of the line dividing the crystalline 
systems from each other, and in many cases as to the system to which a 
given crystal really belongs, cannot be said to be decided at the present 
lime. It is certainly possible to exaggerate the 'optical anomalies,' and to 
attribute to them a morphological significance, when they are, in fact, due 
simply to accidental causes, such as the internal tension produced at the 
time the crystal was formed. For example, the species boracite, long 
regarded as a typical hemihedral form in the isometric system, although 
with an anomalous optical character, which was variously explained, has 
been referred, by Mallard and others, to the orthorhombic system. Recently, 
however, Klein (Neues Jahrb. 1881) has shown, by the effect produced upon 
the optical character by heating sections of the crystals, that the peculiarities 
are probably due to internal tension simply, and that there is nothing which 
really conflicts with its being referred to the isometric system. Similarly 
analcite, the common form of which was long held to be a typical example 
of an isometric trapezohedron, was afterwards referred to other systems by 
Schrauf, Mallard, Lasaulx, and others, and finally referred back to the 
isometric system by several mineralogists, who have arrived at the same 
result by somewhat different methods. Other similar examples might be 
given. 

M. Bertrand, working from the standpoint of M. Mallard, has recently 
published some interesting contributions to this subject. He shows that the 
apparently isometric octahedrons of ralstonite exhibit two optic axes, with 
an angle of about 90°. He has also examined a series of minerals, ranging 
from the pure lead phosphate, pyromorphite, to the lead arsenate, mimetite ; 
and his conclusion is that while the first is truly hexagonal, and has a 
negative optic axis, the other is really orthorhombic, and owes its apparent 
hexagonal form to twinning. A section of mimetite from Johanngeorgen- 
stadt, cut normal to the vertical axis, was seen in polarized light to be made 
up of six triangles, each having as base the side of the hexagon; the two 
optic axes make an nngle of G4° in air. Between the two extremes there 
are various intermediate compounds containing both V, 2 5 and As^ 6 , and it 
is found that as the proportion of Asj 5 diminishes, the angle of the optic axes 
also diminishes. Similar results have been obtained by M. Jannettaz. 
These facts recall the results obtained with crystals of iodide of antimony by 
Cooke, who proved the existence of a uniaxial (hexagonal) and a biaxial 
(orthorhombic) variety, of which the latter changes into the former on a 
slight elevation of temperature. M. Bertrand has also studied several 
varieties of garnet, and arrived at essentially the same results as M. Mallard. 
Sections of crystals of aplome, ouva.w«\te wi<l to^fczolite show two optic 
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axes, with an angle of about 90*. Ouvarovite is regarded as made up of 
twelve pyramids, having the faces of the crystal as their base, and their 
vertices at the centre. The dodecahedrons of aplome and topazolite are 
explained as formed of forty-eight simple crystals. Further than this, M. 
Bertrand found it possible to separate the dodecahedrons mechanically into 
these forty-eight individuals, each one of which is truly biaxial; the fracture- 
surfaces are smooth and make angles of G0° with the rhombic faces, when 
the plane of separation obtained is parallel to the side of the rhomb, and of 
90° when it is parallel to one of the diagonals. The former fractures are 
obtained more readily than the second, and it is concluded from this that 
the union of the four crystals which form together the same rhombic face 
is more intimate than that of the twelve complex rhombohedral pyramids 
among themselves. That this is the true explanation of these facts may 
perhaps be questioned. — (Amer. Jour, of Sci. f August, 1831.) 



PHYSICS. 

The supposed Heating of Ice. — Dr. A. Wiillner has repeated, by means of 
a modified form of apparatus, some of the experiments described by Mr. 
Camelley (see Pop. Set. Review for April, 1881). He finds that so long as 
the bulb of the thermometer is completely surrounded by dry ice, its temperature 
does not reach 0° C. If the thermometer rises higher, either the bulb is 
no longer quite covered with ice, or it is surrounded by water together with a 
thicker layer of ice. In other respects the course of the experiment was ex- 
actly as described by Mr. Carnelley. When the bulb becomes partially bare 
of ice, the thermometer will rise even to 50° before the ice becomes detached, 
and rapid heating would probably cause it to rise considerably higher. The 
detached ice, when it comes in contact with the hot glass, dances about like 
Leidenfroet's drops. 

In order that fusion may not take place, the ice must not be too thick, 
but how thick was not determined. In one experiment the bulb was sur- 
rounded by a coating of ice from 1 to 1*5 centimetre thick, and strongly 
heated by the flame of a Bunsen's burner ; the temperature rose quickly to 
0°, when fusion commenced, not on the surface 9 but in the centre of the ice t 
and in such a way that the water was forced out through the surface in small 
drops, like blisters, and these, on the removal of tho lamp, instantly froze. 
By heating again and again, the same phenomenon was repeated several 
times. 

In a quantitative experiment, 75 grammes of ice were kept under low 
pressure and exposed to the temperature of steam from boiling water for 
five hours ; no fusion occurred, and 42 grammes of ice were volatilized into 
the condenser. — Ann. Chim. Phys. xiii. ; Journ. Chem. Soc. No. 220. 
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ZOOLOGY. 



Origin of the Ova in the Hydroid*. — The first idea of what is commonly 
known as ' Alternation of Generations/ was suggested by the phenomena 
presented by certain hydroid polypes, in which the sexual functions 
seemed to be performed by special zooids, which, indeed, were often cast 
free in the medusoid form, so that the distinction into sexual and agamic 
zooids appeared in these cases particularly clear. Some recent observations 
indicate that we may have to modify our views as to the phenomena pre- 
sented by these animals. According to M. Goette, the ova of the HydrtRa 
attain their complete development in the stem of the polype ; and according 
to M. Weismann, the several elements are developed in the stem and after- 
wards passed into the gonophores in Phimularia echinuktta ; and the ova 
follow the same course in species of the genus Eudendrium. M. A. de Varenne 
(Comptes Rendu*, 16th August, 1881) adds some further particulars bearing in 
the same direction. He finds that in Campanularia fiexuosa the ova occur 
in the endoderm of the stem before any gonophores have made their appear- 
ance, and that they are simply endodermic cells differentiated, the cells 
being found in all stages of modification. The gonophore is at first a mere 
diverticulum of the wall of the polype, into which both ectoderm and endo- 
derm pass, carrying with them the cells which have been transformed into 
ova. The same phenomena were observed in a variety of Phimularia 
echinulata met with at Koscoff, and in Serttdaria pumila. Thus in these 
three species in which the sexual generation is represented by permanently 
attached gonophores, the ova are not developed in the gonophore but in the 
stem of the supposed agamic generations. 

In Gonothyraa Loveni the medusiform gonophores do not become 
detached from the polype ; the ova also originate from the cells of the endo- 
derm within the stem, and are carried with the neighbouring tissues into 
the blastostyle and gonophore, completing their evolution in the undetached 
semi-medusae. 

In the Tubularian Podocoryne carnea and the Campanularian Obtlia 
geniculata, which give origin to free-medusa?, M. de Varenne observed a 
similar sequence of phenomena. He found that in the region from which 
the medusae are to bud, ova are produced by the modification of the cells 
of the endoderm. When the medusae begin to bud they are at first simple 
diverticula of the two layers forming the wall of the polype, and the ova 
are carried with them into young buds; they are at first very small, hut 
are rapidly developed, and attain their maturity after the medusa has been 
cast off. Al . de Varenne sums up his results as follows : — 

' We are thus led to conclude, — 1. That in the species above cited, in 
which the sexual generation is represented by gonophores persistently 
attached to the hydroid polype, or by semi-medusae, or free medusae, the 
ova originate in the interior of the polype itself, and not in these gonophores 
or medusas. 

' 2. That the ova are only differentiated cells of the endoderm, and that 
in them may he observed all the stages of transition between an ordinary 
endodermic cell and a fully developed ovum. 

' 3. That the ova are conveyed Into ^\wA,^VviVl \a at first only a diver- 
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ticulum of the wall of the polype ; and that this bud enlarges and finally 
becomes a gonophoie destined to be always attached, or a semi-medusa or 
free medusas. 

'4. If we accept as demonstrated the facts just put forward, the gono- 
phores, the semi-medusae, and medusas cannot be regarded as sexual indi- 
viduals, and consequently it would seem that we cannot assume an alterna- 
tion of generations in these species.' 

Geographical Distribution of the Eared Seals. — Following up the ideas put 
forward by Milne-Edwards with regard to the influence of marine currents 
upon the geographical distribution of the Penguins, M. E. L. Trouessart has 
applied the same principles to the investigation of the Eared Seals (Otariidce), 
and his results confirm those arrived at by Milne-Edwards. In the present 
epoch the Eared Seals, like the Penguins, seem to be native to the Antarctic 
lands, whence they have spread towards the north. They are conveyed 
northward on the blocks of ice which the regular currents detach and carry 
away from the great southern glaciers, and in this way have colonized all 
the southernmost coasts of both hemispheres. In the west, Humboldt's 
current has carried them, with the Penguins, as far as the Galapagos Islands, 
situated under the Equator ; but, unlike the Penguins, the Otaries also occur 
north of the Equator, being found on the shores of California and in the 
northern part of the Pacific, but M. Trouessart concludes that the northern 
Eared Seals did not arrive at their present haunts by the direct route, seeing 
that there is a distance of more than twenty degrees between the Galapagos 
and their Calif ornian habitat ; and further, those of the Galapagos and Cali- 
fornia belong not only to distinct species, but to different genera. 

By investigating the currents of the ocean and noting all the stations at 
which Eared Seals are met with, M. Trouessart arrives at the conclusion that 
the absence of these animals from the stretch of coast above indicated is due 
not to the higher temperature of the tropical regions, but to the action of 
contrary currents. The equatorial current of the Pacific north of the Gala- 
pagos, and that of the Atlantic north of the Falkland Islands, are directly 
opposed to the northward migration of the Eared Seals. In the Atlantic, 
those which have reached as far as Tristan d'Acunha and then attempted to 
advance in the direction of the west coast of Africa, have been carried west- 
ward by the equatorial current and driven to the coast of Patagonia. The 
Eared Seals of the Cape of Good Hope have been prevented from advancing 
along the eastern coast of Africa by the Mozambique current. Hence Eared 
Seals are absent from the Atlantic Ocean north of the Falklands, and from 
the whole western part of the Indian Ocean, having only the eastern part of 
the latter for their migration into the Northern hemisphere. 

Haring reached the shores of Australia, the Otaries gradually advanced 
up the western coast, which they still inhabit, reaching in the north to Mel- 
ville Island, off Port Essington, where at least two species are found. A 
secondary current, the direction of which is determined by the Monsoon, puts 
the Indian Ocean in communication with the Chinese Sea, and from April to 
October, or exactly at the time the Eared Seals come up towards the north, 
this current flows towards the north-east into the great basin of the Pacific. 
It must have facilitated the migrations of the Seals, which * V^^^ 

the passages ot the Molucca Sea, or by the broader «at ^ 
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Japan : and thence, bj the bain 
H 

1 

i .ilifornia. 
\[. Troueaoart considers that the genu : 

, It MelviuD 

Islam!. Japan, California, and throughou I til 

Currents lmve probably suited an important part also 

< 1 1 1 l ■ ■ i- I" inus of Seals, — r 1 1 li -3 a .-ii ■ 

dmost peculiar to the Mediterran ■-■ 

Wed Indies; and M. Trouessart remark.- that the Uonlt Seal (IHa^wt 

inanacAusjof the Mediterranean is known to peas out ■' 

Gibraltar and to occur on the north-west DOMt of Africa, ami a* !«.- u 

Madeiia and the Canary Islands, so that some- iudividuals of this -. 

easily have got naught by the equatorial current and carried ■ 

West Indies, whore they have given origin to I 

trophati*). 

Macrorhinut is lire only gemis of true Seals occurring on both 

Equator, and Mr, Allen place* the starting-point of this type in i hi 

hemisphere. M. Trouessart remarks thai ti. 

at one point on the Calif ornian const, while ii abounds on all the 

Southern hemisphere, and he is inclined i" place the head~qns>i 

ti po about the Island of Juan Fernandez, which is now OU 1 1 llu-ir principal 

station?, and to assume that they were carried by the oceanic i-amnl* 

through a long dttour by the Polynesian Islands to California. — Oinptes 

lte»tiiu. May Oth, 1881. 

MuUutca ami Vermel. — At iho clow of an investigation >,f ih 

of the l'ulnionate Mollusca (Ar 

M. Hermann Fol indicates certain conclusions at which h« lia« ;i 

respect to analogies existing between the Mollusca and Vermis. lie rx^pwa* 

the lame of the Mollusca as comparable only with I ■ 

tile larva; of Annelid;, or with nu entire llotatorian. The Molliwca, arc out, 

in his opinion, segmented animals whose segments hai 

fused together, but animals that remain simple and never pn 

rudiment of the metatueric budding of the Annelida . . 

that there, was an analogy between the very young H 

iMiiiii with three metauieric larvae. In conclusion, Fol remarks hens 

recent investigations are in favour "flue ra-establishmen] uf i 

class of Vermes. He thinks that the general result of 

researches tends to the establishment of three great diri 

(1) the Vermes, Bryozoa, Drm-lii -.pinta, M-illusca, and Echinodi 

[he Arthropod*.; {'■!) the Chordoma (Timicata and Yrirtnnflltii) giiiwsa 

1881, Band ir. 

Olfactory Orgniin of Jnsetf*,— M. Oustav Flaiifler ; , 
anbjecl i'/ ■■■ ' . vol xxxiv. p. 307), and mi 

riiiicli»ion thai the sense of smell in insects . tame. GU» 

rods moistened with oil of turpentine or aoelic aci 
great number of insects, which siwwtiNWj OwuVj v\ 
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strong-smelling substances, by moving their antennae and turning sharply 
round. But when their antennao had been previously removed, the same 
insects gave no signs of perception, even when they were placed quite 
close to the turpentine or acetic acid. Flesh flies, from which the third 
joint of the antennae had been cut away, were no longer attracted by the 
putrid meat, for which they had previously shown great fondness ; thry flew 
about as before, but no longer scented the meat from a little distance. 
Enveloping the antennae with a thin coating of paraffin produced the same 
effect. 

M. Hauser made an anatomical investigation of the antennao, and canio 
to the conclusion that ' the olfactory organ consists in insects, i.e. in all the 
Orthoptera, Pseudoneuroptera, Diptera and Ilymenoptera, and also in a ^reat 
part of the Lepidoptera, Neuroptera and Coleoptera, — 1. Of a large nerve, 
originating from the cerebral ganglion and running into the antennae of these 
animals; 2. Of a perceptive terminal apparatus, formed of bacillar cells, 
derived from the hypodermis, with which the fibres of these nerves are 
connected; 3. Of a supporting or auxiliary apparatus, which is formed by 
pits or cones filled with serous fluid, which are to be regarded as simple 
diverticula of the epidermis/ 

It was ascertained that the organ was most highly developed in those 
insects which employ it in seeking after their food. The greatest number of 
olfactory pits and cones occur in wasps and bees ; thus the hive-bee has 
14,000-15,000 pits and about 200 cones on each flagellum. The saw-flies 
have a much smaller number. The flesh-flies and dung-flies also have 60- 
160 pits on each antenna ; while in the flies which live on plants each of 
those organs has only 2-5 pits. In general the males have the olfactory 
organs more strongly developed than the females. (Kosmoa, 1881, Vol. IX.) 

The Ink of the Cuttle Fish. — M. P. Girod has communicated to the 
Trench Academy (Comptes Rendus, 11th July, 1881) the results of an inves- 
tigation that he has made of the ink of the Cuttle-fish (Sepia officinalis). This 
fluid has no odour, but is of a slightly salt taste, and has an alkaline reaction. 
Under the microscope it shows, floating in a transparent serum, a multitude 
of excessively minute corpuscles, winch, when put into fresh water, exhibit 
distinct Brownian movements. M. Girod finds the ink to consist of : — 

Water .... 60 per cent. 

Mineral substances . . 8*613 j 

Insoluble organic matter . 30*530 > 40 „ 

Extractive matter . . 0*851 J 

The mineral substances obtained by calcination constitute a puro white 
ash, which proved to contain lime, magnesia, soda, potash, iron and carbonic, 
sulphuric and hydrochloric acids. No phosphoric acid was present. 

The pigmentary matter, after purification by a long series of operations 
and drying at 100° C, formed a black powder with a greenish metallic 
reflection, insoluble in water, alcohol and ether, insoluble in acids and in 
alkalies. Two analyses gave the following amounts of carbon, hydrogen, 
and nitrogen : — 
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I. EL 

C 53-6 63-2 

II 404 4-02 

N 8-6 8-6 

Mortality of Fish in the Gulf of Mexico. — Several notices in the Pro- 
ceedings of the United States National Museum describe a very serious 
mortality that has occurred during the last two years among the fish of 
some parts of the Gulf of Mexico, near the coast* of Florida, and the 
evidence would seem to show that it is due to some peculiar condition of a 
belt of water at a small distance from the shore. A Mr. M. A. Moore, 
writing from Braidentown, Manatee County, Florida, to Prof. Spencer F. 
Baird, on the 30th November last, gives a general account of the phenomena 
which had come under his observation. He says that a considerable portion 
of the coast population of South Florida depends mainly upon a fishing 
industry carried on by well-smacks of from thirty to fifty tons, in which 
the fish are conveyed alive to the Cuban markets. Some two years before 
the date above given, some portions of the water in the Gulf acquired 
poisonous properties, which caused the death of all the fish that came in 
contact with it. 'Whenever a smack with a full fare, i.e. a full cargo, of 
fine healthy fish in her well sailed into this poisoned water, every fish 
would die, and they would have to be thrown away. This compelled the 
vessel to return to fishing at the loss of a month's hard work.' This very 
serious state of affairs has continued ever since, sometimes in one place, 
sometimes in another, the prisonous influence, whatever it may be, affect- 
ing certain localities and currents for a time and then appearing elsewhere; 
but according to Mr. Moore, there was, when he wrote, more of it about 
the niouth of Charlotte Harbour and off Punta Russa than anywhere else. 
Where it prevails, the surface of the water is covered with dead fish, and 
they are often thrown up on the beach in such numbers that the stench 
becomes intolerable. The so-called ' bottom fish ' appear to be more affected 
by the poison than any others. The grouper (Serranus niyritis) and the 
snapper (Sen-anus erythrogaster) are the principal fish taken by the fishing* 
smacks, and these, with the perch, kingfish, trout, and other fish that take 
the hook, are more affected than the mullet (Mugil lineatus) and the 
pompano (Bothrola>mus jmnpano). Numbers of sharks, rays, eels, and 
catfish, are thrown up dead upon the beach. 

By other writers, the noxious water is said to be distinguishable by its 
colour, which is sometimes brick-red, and it is described as extending for a 
distance of 200 miles. The cause of this poisonous condition of the water 
seems to be very obscure. Some people, including the Mr. Moore above 
quoted, are inclined to believe that it is due to volcanic action at the sea- 
bottom, or to an escape of noxious gases, or of mineral substances held in 
solution; and the editor of a local newspaper (Forest and St ream) refers 
particularly to a boiling spring which is said to exist somewhere off the 
coast. Others suggest the presence of parasitic plants, and in this view 
Dr. F. M. Kndlich, who has made an analysis of the noxious water, appears 
to agree. Dr. Endlich reports as follows upon the characters of the noxious 
and lvholfiflome water, the former wxita? X,\\^\a\X«t>aaAfcT'^\ — 
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A. B. 

Specific gravity 1-024 1*022 

Solid constituents (total) per cent . . 4*0780 4*1005 

Ferric compounds, per cent . . . 0*1106 0*0724 

Injurious organic matter . . . ratio =3 ratio =2 

The water A contained a large quantity of Algae and Infusoria. (Ann. 
Meg. Not. Hist., September, 1881.) 

The Egg-cases and Young of the Mantida. — M. C. Brongniart brought 
with him from Algeria some of the curious egg-cases formed by the 
species of the genus Mantis, and has communicated to the French Aca- 
demy the results of his observations on their structure and on the hatch- 
ing of the eggs (Comptes Hendus, July 11th, 1881). He says that the 
structure of these egg-cases (oothecce) differs but little in the different 
species ; they are attached to the branches of shrubs and to stones, and are 
generally pear-shaped, with the smaller extremity upwards. Externally 
they appear to be strongly furrowed transversely, and if cut through in the 
direction of these furrows, show a circular central chamber containing the 
eggs, surrounded by a sort of frothy envelope. Each egg-case consists of 
ibout twenty storeys of chambers, and each of the external furrows repre- 
sents a storey ; each storey of the central chamber is divided into two cells 
>y a thin anteroposterior partition, and communicates in front with the 
outside world by a sort of flattened neck, the edges of which, in the form of 
cales, are bent and laid one over the other. Each of the central cells 
contains about a dozen eggs, so that there are about twenty-four on each 
storey ; and the eggs are arranged symmetrically, so that the portion of the 
tgg which will constitute the apex of the abdomen is towards the outer 
*vall of the case, while the part representing the head is turned obliquely 
forwards, and the whole of them are brought close together. Owing to 
:his arrangement, the larvae, when hatched, merely have to push straight 
forward in order to escape from the case. Each egg is contained in a sort 
of gummy cell. 

In the construction of the egg-case the insect employs its abdomen and 
elytra. The female Mantis clings to a branch, and then exudes a sort of 
frothy, somewhat transparent liquid, which it holds up by means of the 
extremity of its elytra. Of this it constructs the first storey of its egg-case 
in the form of a spherical hood, the business being effected by the abdomen, 
which kneads the frothy substance and spreads it in successive layers with 
the assistance of the cerci. The eggs are expelled from the abdomen 
together with a small quantity of the frothy liquid, which serves to form 
the cells in which they lie. 

Soon after impregnation, which generally takes place in September, the 
female builds her egg-case and deposits her eggs, which hatch out in May 
and June, and each young larva, while still quite soft, advances towards 
the aperture of its cell in order to issue from it. M. II. de Saussure gives 
the following account of the emergence of the larva. He says : — ' The little 
larva has now to escape from the cell in which it is enclosed, and, as it is 
too weak to make use of its feet, nature comes to its assistance by means of 
a peculiar contrivance. The surface of its body is clothed with a chitinous 
substance, upon which are developed some B^vnea tfoee\^\fe&rcv-&. ^j 
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giving its abdomen an undulating movement, the spines serving as a support 
against the walls of the cell, the larva travels towards the operculum in the 
same way that an ear of rye, by means of its spiny beards, can travel over $ 
piece of cloth which is set in vibration.' M. Brongniart says that the spina 
are not upon the abdomen itself, but upon the cerci, or caudal appendagtf, 
which constitute two large mamilhe. The legs are also covered with spites 
which assist the larva in its movements. The larvae of the upper part of i& 
case are the first to issue, although these eggs are the last laid. On escip- 
ing from the egg-case, the young larvae, instead of dropping to the groind, 
are suspended in the air by means of two long silken threads, attached by 
one end to the cerci already mentioned, and by the other to the inner vail 
of the egg-case. In this way, when all have emerged, they form a sort of 
bunch, and they remain thus for some days until their first moult ties 
place, when they leave their cast skins suspended from the case. (Am. 
Mag. Nat. Hist., August, 1881.) 

Rhizopods, Food for Fishes. — Prof. Leidy reports that the young of seme 
of the suckers (Catostomidae), such as Hj/pentelium, Myxostoma, &c, have 
been found by Mr. S. A. Forbes, of Illinois, to have the intestines packed 
with tests of Difflugia and Arcella, indicating that they fed on Rhizopods. 
In a slide containing material from the intestines of a young mullet {Myxo- 
stoma macrolepidotuin) from Mackinaw Creek, prepared by Mr. Forbes 
Dr. Leidy distinguished Difflugia globtdosa and D. acuminate; and ii 
another of the food of Eremyzon saccata, he found Difflugia globtdosa 
D. lobostoma, D. piriformis, Arcella vulgaris, and A. discoides, besides 
another peculiar undescribed form. (Amer. Jour. Sci., July, 1881.) 

Division of Engh/pJta alveolata. — Prof. Gruber has described (Zeitschr 
fur wiss. ZooL> Bd. XXXV. p. 431) an exceedingly interesting process o 
division observed by him in the fresh-water Rhizopod, Ejiglypha alveuiata 
The test of this elegant creature consists of little circular concavo-convex 
discs, covering the superficial layer of the sarcode-body. Similar little discs 
also exist in the interior of the body in the neighbourhood of the nucleus 
"When the sarcode-body begins to grow out of proportion to the test, a por- 
tion of the contents of the latter protrudes from its orifice, and gradualh 
increases in bulk, and into it pass by degrees the little discs contained in thi 
interior of the body, and group themselves into a structure resembling a fir- 
cone, which clothes the surface of the protoplasmic process. By the con- 
tinued increase of the latter the little discs are pushed further and further 
apart, until this part acquires exactly the form of the original animal, of 
which there are then two, adhering together, with the orifices of their tests 
turned towards one another. It is only now that alterations commence in 
the nucleus, which still retains its original position. First of all, fine granules 
and twisted fines make their appearance in it ; then it becomes extended in 
the direction of the long axis of the animal, whilst at the same time a dis- 
tinct longitudinal striation becomes perceptible, in consequence of which the 
nucleus divides into two nearly equal parts ; of these one passes over into 
the process, where, like the half remaining into the original position, it soon 
resumes a pale, nearly vesicular appearance. Now by a rapid circular 
flowing in the sarcode, a mixture of it takes place, the body draws back 
here and there a little from the teBt,ai\flifcxia\^ \^ Vko\u&;*& %ss^a*Xfc*aA^Q 
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perfect Entjlypkie. Gruber attaches much importance 1o the fact that'tho 
•eparate portion grows into a complete suiimtd before the original nucleus 
begins to divide, and regards this as furnishing farther evidence of the cor- 
»ctncss of Strasburgor's opinion that the true seat of activity in cell- 
formation is not tliu nucleus but the protoplasm, —at any rate, as Gruber 
points oat, his ofaaerv&tfanu furnish a fresh proof that, the nucleus of the 
Rhizopod is a typical cell-nucleus, li, Ims -iiuv observed n similar process 
of division in the nearly allied genua Cyphodtria. 

A New Species of 7/<rt-M.— The Annal* and Magazine tf Natural History 
for July contains a translation of a Russian paper, in which M. Poliakof 
brings forward a mass of evidence in proof of the existence of a hitherto 
unknown species of horse, not far from Zauan,in Central Asia. The animal 
appears to resemble a small domestic horse, of a dun colour; its head is 
large in proportion to the size of the animal; and the root of its tail is 
destitute of long hairs for some distance. M. lVlialwf names his supposed 
now species Jfyuui PntwoMm, in honour of the traveller who brought the 
akin to Russia, lie regards it as a true horse, and remarks that ' if it were 
possible to prove that culture influenced the growth of the tail, and that this 
became more hairy, and the inane longi'i - , under uliev'd ciriditiinis of life,' it 
might be affirmed that 'it was indeed the animal whose ancestors were 
reclaimed by man in the stone period, tho so-eallod domestic horse of our 

Derpsea Fycnoijonidtc. — The ' Sea Spider.-,' dredged by the U. S. steamer 
Blake, during tho summer of 1880, along the east coast of the United 
States, have been described l>y Mr. E. 11. Wilson in the Bulletin of the Museum 
of Comparative Zouhnj'./- Tho deep-sen forms here, as elsi-wliere, are remark- 
able for their colossal size, compared with those of shallower water, and in 
a number of forms the eyes (octUi) are either rudimentary and destitute of 
pigment, or altogether absent ; while, on the other hand, in one genus, 
Paitenopeii, the eyes are unusually large. Mr. Wilson specially describes 
the morphido/v and innervation of the anterior appendages; upon which he 
remarks that ' it is easily possible that the external resemblance of a 1'ycno- 
gonid to an Arachnid are those of analogy only, and have no morphological 
This is tho more probable fmai tho extreme variability of the 
r pairs of appendages in position and structure.— Amer. Nat., 
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